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THE BUILDING 
BLOCKS OF VISUAL 
DEVELOPMENT. 


The elements of next genera¬ 
tion applications are found in the 
components of the Microsoft* 
Visual C++” development system, 
version 1.5 today. 

Innovative wizard technology 
allows you to seamlessly meld 
components into sophisticated appli¬ 
cations, in weeks not months. Just 
remember this simple equation: 
MFC 2.5, OLE 2.0, ODBC. 

That’s a perfect formula for 
building and reusing components. 
At the nucleus is MFC 2.5 
(Microsoft Foundation Class Libra¬ 
ries), the standard API for Windows." 
The new OLE (Object Linking 
and Embedding) classes make it 
easier than ever to implement OLK 
unprecedented integration power, 
new drag-and-drop features, visual 
editing and OLE automation. 

In all, it provides more than 19,000 
lines of code you want, but won’t 
have to write or rewrite. 

In addition, the new ODBC 
(Open Database Connectivity) 


classes provide access to major 
databases and data binding without 
coding. It’s a powerful new plat¬ 
form for creating high-performance 
database applications. 

Best of all, your 16-bit MFC 
applications are portable to the 
Windows NT” operating system and 
future versions of Wmdows. Now 
that’s good chemistry. 

If you want the latest tools for 
the latest Wmdows technology, ask 
for Microsoft Visual C++ 1.5. 

Call us now at (800) 434-.3980 
and we’ll make you a catalyst for 
change today and into the future 
of Windows operating systems. 



New 16-liit version 1.5 Joins the Visual C++ 
hmily of development systems fnr Windows 
and Windows NT. 


H/Bcmsoft 


(9' 1993 Micmsofr Corparanon. All niservcd. fo ihc UniimJ States, call (SOO) 434-3980; cusvxiiei? in Canacb, call (8o0) 563-9048; ou tside the US. 
and Canatk, call your local Mlcnnoofi tubskliaty or {2CI6) 936-8661. Mletosofi is a legistEicd ciadeimrk and Visual C-^, Windows and Winduws NT aic 
Eiadieizurdcs, nf Corpocitkin. 
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FEATURES 

THE CAMBRTOGE ALGORITHMS WORKSHOP 18 

^ Bruce Schneier 

Some of the best and the brightest in the world of cryptography gathered at Cambridge 
University to challenge each other with new algorithms designed to run quickly in 
software. Bruce, who presented a paper at the workshop, reports on the conference, as 
well as on the current state of encryption technobgy in general 

CRYPTOGRAPHY WITHOUT EXPONENTIATION 26 

by Peter Smith 

Peter, who presented LUC public-key encryption in DO/over a year ago, extends the 
algorithm by adding three new cryptosystems^ a Luca.s-function El Gamal public-key 
encryption, a Lucas-function El Gamal digital signature, and a Lucas-funaion-based 
key-negotiation method called LUCDIF. 

SHA: THE SECURE HASH ALGORITHM 32 

hy William Stallings 

The Secure Hash Algorithm (SHA), based on Ron RivesLs MD4 algorithm and developed 
by the National Institute of Standards and Technology, can usal in any security 
application that requires a hash code. 

THE BLOWnSH ENCRYPTION ALGORITHM 38 

by Bruce Schneier 

Blowfish, a new block-encryption algorithm for 32-bit miaoprocessors, is designed to be 
fast, compact, simple, secure, and robust. Break it, and you can be the winner of our 
cryptography contest] 

THE WAVELET PACKET TRANSFORM 44 

by Mac A. Cody 

The discrete wavelet transform is a subset of the far more versatile wavelet packet 
transform, w hich generalizes the time-frequency analysis of the wavelet transform. Mac 
presents a C implementation of the disaete wavelet transform algorithm, 

FUZZY LOGIC INC: AN UPDATE 56 

by John A.R. Tucker, Phillip E. Fmley, Lawrence P. Swanson 
In tiiis aiticie, our authors build upon Greg Viot’s ''Fuzzy Logic in C" by adding 
initialization, parsing, and output functions to provide a complete C implementation of 
fuzzy fogic. 




EMBEDDED SYSTEMS 

DIGITAL I/O WITH THE PC 64 

by Brian Hook and Demtis Shuman 

You don't always have to resort to dedicated or expensive instruments for digital data 
acquisition, Brian and Dennis describe an integrated hardware/softw'are system that 
enables digital I/O using a PC's parallel port. 
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PROGRAMMING PARADIGMS 

by Michael Swaine 

Michael examines how the British microcomputer revolution in tiie early 19S0s led to 
the object-oriented model Apple’s Newton uses today, 

C PROGRAMMING 

hy A! Steves IS 

Borland's recent attempt to rewrite its softw^are-license agreements didn't make anyone 
happy, especially progranmers who use Borland tools. 

ALGORITHM ALLEY 

Tom Swan 

Tom presents an information-retrievaJ system based on the trie-search algorithm. 

UNDOCUMENTED CORNER 

edited hy Andrew Schulman 

In this month's ''Undoaimented Q^rner,'" Klaus Muller shews how to access the 
Windows internal instance-data structures, using a virtual device driver (VxD) loaded 
early in the Windows boot process, right after VMM. 

PROGRAMMER'S BOOKSHELF 

by Tom Ochs 

Tom looks at two books on algorithm design and implementation— 

Classics: Impicfnenting the Vt^wlds Best Algorithm and A^orithms from P to NP. 


115 


133 


SWAINE’S FLAMES 

hy Michetei Su>aine 

PROGRAMMER'S 

SERVICES 

OF INTEREST 

hy Monioi E. Berg 

SOURCE CODE 
AVAILABILITV 


As a service to our readers, all source code 
is available on a single disk and online. To 
order the disk, send $14.95 (California 
residents add salei tax) to IM 
Jouma!, 411 Borel Ave., San Mateo, CA 
94402, call 1415-358-9500, x240, or use 
your credit card to order by fax, 1-415-358- 
9749. Specify issue number and disk 
format. Code is also availabie through the 
DDJ Fonirn on CompuServe (type GO 
DDJ), via anoiiymou.s FTP from site 
ftp.mv.com (192.80.84.1) in the /pub/ddj 
directory, and through DDJ Online, a free 
service accessible via direa dial at 1415- 
358-8857 {1200/2400/9600 baud, 8-N-l). 


HEXT MOUTH 

In May, we Itx^k under the hood of 
operating systems and microkernels 
including DOS, OS/2, Windows, UNIX, 
NetWare, and more. 
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Save Disk Space 


9025 Deemood Dove Brown Wl 532252437 

(414) 554-8699 Pax (414) 354-8559 


FftWAKr: Dsita Compression LlbfJjy for DOS Si?7S THliVAKli Data Compression (Jbrary for Q5/2 $350 
PKWAitli Dabi Cuitipresslori Libmiy DU. Hot Wlnctcws $350 
IWIP $47.00 PliUTti $46.00 mi-DC Professronat SI46.00 
ficase arid $5.00 56:^ per package (n the US tc Canada. $1 1.25 overseas. 
lA/isLonsln resWeahi add approprliiic stale sjles tail ftr county sales tax. 

Visa and Mastercard accepted, no COD ordeis. 

004-94 


PKZIP version 2.0 


PC WORLD fkwarE* Introduces the next generadon of its award 
winning compression utility. FKZIP 2.0 yields greater 
performance levels than achieved with previous releases 
of the software. FKZIF compresses and archives files. 
This saves disk space and reduces file transfer time. 

Software developers I You can significantly reduce 
urnoi n /^i acc product duplication costs by decreasing the number of 
AVAYAnri disks required to distribute your applications. CaU for 

AWARD Distribution License infomiation. 


Put Your Executables on ^Diet 

Software developersl Save disk space and 
media costs with smaller executables. You can 
distribute your software in a cornpressed form 
with PRLITE Professional.^' PKLITE Professional 
gives you the ability to compress files so that 
they cannot be expanded by FKLITE."*This 
discourages reverse engineering of your 
programs. 

PKLITE increases your valuable disk space by compressing DOS 
executable (.EXE and .COM) fiies by an average of 45%. The operation of 
FKLlTE is transparent, all you will notice is more available di.sk spacei 


CornpressiCi 1 Tor YOUR Application 


The PKWARE Data Compression Library -- 
allows you to incorporate data 
compression technology Into your 
software applications. The application 
program controls ail the input and 
output of data, allowing data to be 
compressed or extracted to or from any 
device or area of memory. 


All Purpose Data Compression Algorithm compresses ASCII or binaiy data 
quickly. The routines can be used with many popular DOS languages. A 
Windows DLL and an OS/2 32-bit version is also avaJIablel 
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We’ve made Symantec 
C++ Professional faster 
and more efficient. 

And, our one-pass 
compiler isn’t just faster 
— it produces faster 
applications. Thanks to 
powerful global and local optimizations. 
And some unique C++ optimizations 
you won’t find anywhere else. 

The perfect environment. 

Symantec C++ Is the first 
development system to fully integrate 
editing, compiling, debugging and 
version control in a completely new and 
graphical Integrated Development and 
Debugging Environment (IDDE). This 
breakthrough new IDDE is packed with 
graphical tools, a great new resource 
editor and extensive drag-and- 
drop capabilities. j i 


gives you the world's most sophisticated 
visual development tools. Without 
writing a line of code, you can visually 
create toolbars, 3-D graphic buttons, 
dialog boxes, MDI windows and more. 
Just double click on any object to add 
code immediately. 

In addition, weVe added OPTLINK, 
absolutely the fastest linker you can buy. 

Mn3$8 from the leader 
in 3B-bit compilers. 

Wm32s is free in every box. Create 

_ true 32-bit applications 

that run unchanged under 


Just imagine a world 
without slow compilers or 
slow, fat code. Symantec 
C++ Professional 6.1 
gives you everything you 
could want in a perfect 
environment. 


The perfect compiler. 


both Windows 3.1 and 
Windows NT. So you can 
develop and debug apps 
on your existing Windows 
system. 


It’s easy to switch. 

We even provide a 
complete set of utilities 
that can automatically 
translate Microsoft and 
Borland command line 
options to Symantec C++. 
We’ve also included the 
full Microsoft Foundation 
Classes 2.0 and support 
for Microsoft Visual Basic controls. 


Order today. 

Symantec C++ Professional 6.1 is 
now priced at just $499.* But if you are 
already a Microsoft or Borland user, we 
have a special upgrade ofrer of just 
$199.95.** A 60% savings. 

See your nearest dealer. Or call 
]r80(M53-lD77 exL 9A11 and order 
now. You’ll find Symantec C++ 
Professional 6.1 is everything a 
Microsoft user or a Borland C++ user 
could ever want. 


The perfect visual tools. 
And the best linker. 

Using technology developed 
exclusively for Symantec by Blue 
Sky Software, Symantec C++ 



Symantec O# is aimiabte in both 
Professional and Standard versions. 
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SYMANTEC. 


reioH price. Acutai price may vary **Vi)ffrade (iffer plus 
flipping, handhTig and applhabte Uul Offer price in U.£. doUan 
VoM in U.S. and Canada only. For mare iji/bmolian in 
maSl 7lS5Sm. !n Avstn^ coil m^^8794577. In Canada, aiU 1 
89(m7^6I Emri/where m caii Symantec C++ua 

registered trademark qf Symanlsc CarporatKm. All olAdr 
are iraiemw^kx or regikered trttdmarkii of their respecrtim holders 

©199<l Symantec Corporation. All rights resemKj. 
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EDITORIAL 


Ten Years After 


U ntil the I'onya Harding/Nancy Kerrigan brouhaha ushered in the notion of tag-team figure 
skating, it had been at least ten years since anything really interesting happened in ice 
skating. Even back in the 19B4 Winter Olympics, what held the attention of anyone other than 
hardcore figure-skating devotees was whether or not U.S, figure skater Scott Hamilton's jeans 
could endure one more Russian split, or if a triple axel would finally dislodge East German 
Katarina Witt's Jimmy Johnson-like coiffure. In retrospect, it would have been far more interesting 
had we been able to foresee the current plight of the ’84 Winter Olympics host city “Sarajevo, 
Yugoslavia, And speaking of Russian splits, not only has the past decade brought us the breakup 
of the U.S.S.R., but the demise of East Germany, Yugoslavia, and other such countries as well 
In the relatively calm world of computer programming, it’s hard to believe that ten years have 
passed since Bjarne Stroustrup introduced tlie C++ programming language. In the high-octane 
software-development arena, weVe come to believe that things move fast, even though ifs taken 
a decade for C++ to gain little more than a toehold, Stroustrup ostensibly created C++ ‘‘to make 
writing good programs easier and more pleasant for the individual programmer." Still, it’s taken 
the marketing might of companies such as AT&T, Miaosoft, Sun, IBM, and Borland to make the 
language a commercial success. The faa that Smalltalk has liieen around more than twice as long 
as C++ with far less success, or that there’s so dam much Cobol code still out there, says 
something about the software-development community's desire to absorb and adopt new 
languages, not to mention the marketing efforts of C++ vendors. 

As it enters its second decade, C++ finally seems entrenched. But even though the language is 
being used to program everything from PCs to supercomputers, the jury is still out on whether or 
not Stroustrup's goal of making programmers more productive and software less complex has 
been—or can be™ achieved. The real lesson to be learned here is that software development is 
a process which does not adapt to change easily. There's almost always too much at stake for 
programmers to casually pick up one language while discarding another^— other than for 
educational or entertainment reasons. Instead, software development continues to be a process of 
refinement, with major changes occuring over a decade or more at a time, In short, the real issues 
don't change—^just the marketing hype. 

A quick glance at Dr Dohb'sJournal ten years ago underscores diis. As witli this month's issue, 
the April 1984 DDJ focused on cryptography, with C.E. Burton's two-part article entitled '"RSA^ A 
Public-Key Cryptography System.'^ Without a doubt, cryptography is more important to a greater 
number of computer programmers and users now than it was a decade ago. Back then, RSA w^as 
still fairly new, and Burton's article was probably the first to bring RSA to the microcomputer 
platform. Tc;day, RSA is clearly the dominant approach to ciyptogiaphy. W1 rile better teclnriques 
may have been developed, it is unlikely that in the near future an alternative will achieve the 
same degree of commercial success as RSA. 

1984 was also the year Judge Harold Greene became a household name, at least in the living 
rooms and kitchens of AT&T executives and stockholders. It was his consent decree, you’ll recall, 
that led to tlie breakup of the most powerful telecommunicatioQs monopoly in the world. Now, 
ten years after, competition and innovation is finally beginning to catch fire with the Clinton 
administration's proposals to eliminate barriers between individual electronic-communication 
industries. However, proposed mergers l^etween cable operators. Baby Bells, entertakiment giants, 
online .services, and the like may lead to electronic networks that dw^arf the AT&T of yesteryear. 
On the plus side, these mergers will fund the advanced information infrastructures we'll be 
using in the coming years. On the downside, the prospect looms that monopolistic 
megacorporations will be as unresponsive to the public well-being as Ma Bell was in the old days. 
For instance, Southwestern Bell, long the bellwether for the RBOCs when it comes to controversial 
legislation, is currently pushing for a lav/ that would prevent the Missouri Public Service 
Commission from challenging phone company profits or mtes. A draft of the bill reportedly says 
that Southwestern Bell "shall not under any circumstances be subject to any complaint or hearing 
as to the reasonableness of its rates, chatges, rentals or earnings.'' Interestingly, this legislation was 
proposed on the ev^e of the telephone company’s announcement tiiat it had just achieved its best- 
ever fourtli-quarter earnings. The company, which enjoys a monopoly, claims it needs the money 
to fund the construction of the information superhighway. 

Clearly, both the federal and state governments have a responsibility to protect die pul^lic good 
against voracious proposals like that backed by Southwe.stern Bell. Likewise, the government 
needs to guarantee that proposed mergers won’t result in a single company controlling both 
telephone lines and cable throughout an individual r^^ion. Competition and innovation have 
stood us well through the past ten years. They can get us through the next decade, too. 



Erickson 
editor-in-chief 
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Develop 

Windows Applications 
Quickly and Easily 


Phases Has Everything You Need 


1 visual Development 

The Phuse3 visuaJ development environment 
provides a comprehensive suite of tools for 
screen creation. All standard Windows 
screen objects - push buttons, radio buttons, 
dialog boxes, etc. - are selectable from icon 
bars and are dynamically placed and sized 
on the screen as appropriate for the 
application. Standard Windows APIs are 
available from list boxes and are supported 
with on-line documentation. 


Lower CI^E, E-R Modeling 

Phase3 automates logical data model design 
with Entity-Relationship modeling. After a 
user describes entity relationships graphi¬ 
cally and enters field descriptions, Phasc3 
generates the physical database based on an 
analysis of the entity relationships. Phase3 
automatically includes foreign keys in 
appropriate tables and restructures the 
database as requirements change. Phasc3 
suggests appropriate referential integrity 
constraints to be enforced at runtime. 

1 Phases Database 

Phase3 includes a relationally complete 
database supplied as a Windo ws DLL. The 
database supports complex data relation¬ 
ships and access and data manipnlation by 
any language through a comprehensi ve 
suite of supplied database routines. 

Database integrity is enhanced with 
rollback recovery and transaction contnil. 

The Phase3 data dictionary simplifies data 
model deiinition and maintenance. 


Hierarchy Chart 

Pfaase3 maintains a graphical map of an entire 
application. The Hierarchy Chart includes all 
windows, dialogs, repoits, and code routines. 
To access the imderlying C or Pascal source 
code, simply point-and-click on any node. 
Phases generated source is easily accessed 
and extended with user written routines. User 
code is preserved even if an application is 
regenerated. The Hierarchy Chart and E-R 
Diagram provide instant core documentation 
for an application. 

1 Qu^ and Reporting 

The Report Writer includes standard 
features like flexible headers, footers, free 
text, calculated fields, sort group sections 
and breaks, and subtotals. Reports can also 
include bitmaps of drawings and photo¬ 
graphic images. Queries are executed with 
the Database Browser which also allows 
data entry and manipulation. Railway 
diagrams assist in query creation, prompt¬ 
ing the user for appropriate selections and 
eliminating syntactical eirors. 


Help Generator 

The Phases Help Generator allows the easy 
creation of a complete Windows application 
help subsystem including context sensitive 
on-line help. The Help Generator includes its 
own text editor that gives complete control 
over the content, appearance, and branching 
logic through highlighted trigger text. PhaseS 
generates a Windows compatible file with an 
‘*.HLP” extension that is then accessible 
from within the PhaseS created application. 

No other external tools are required. 
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Order Now 

800 - 851-5650 


Royalty-Free Applications 

Windows is a Uademark of Microsoft Corporation. Turbo Pascai 
for Wincfows and Borland Pascai 7.0 are 1radgmari(& d Borland 
Intemalhonal, Inc. All olTiaf trademarks or service marks ana 
recognized as the property □# iheir respeclive ownere 


Or Call for Free Demo Disk 
Fax (005) 641-9003 



“...a thoroughly remaricablo product.., 
very impressive*’ 


Jeff Duntemann 

PQ Techniques 


'1 was very impressed with Phases, and using it 
made me wish I had learned Windows programming 
with a toof like this. Now that i know what it has to 
offer, ril probably use it to build the frame for most 
of my programs,** 

L. John Ribar 

Windows Tech Journal 


"Phases hides the compleicity of Windows program¬ 
ming hut still allows an experienced programmer lo 
drill down and extend generated C or Pascai source 
code, providing ultimate control.” 

Randy Goodhew 

Computer Software Columnist 

A A 

'TtiaseS takes an intoltive, innovative approach to 
deveioping Windows applications. It's a pleasure to 
work with and has greatly boosted our productivity. 
One of the most Importaiit issues for us is that their 
technical support is exceUent.” 

Reuben Halevi 

isoft nm 


“It’s easy to put together an appficalion with Phases 
-eveiything's inlegrated. And the Phases database 
is terrific. IVs closer to true relational than anything 
we've found/' 

Michael Erickson 

Prism Business Solutions 



CALL NOW FOR COMPETITIVE UPGRADE PRICING 


























Can you really 

lookus inthefece and 

say you dorit need 

better cxxie 
management? 
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SPARCw£>rks Manager- 
Coordinate your development 
sessions and tools. User extensible. 


Faraitei Make— 
Dramatically accelerate 
project builds by leveraging 
the power of your compute 
server. 


FileMerge- 
Graphically compare and 
merge source code. 
Automatically merge con 
currently modified files. 


CheckBoint— 

Capture complete project 
releases fat later retrieval, 
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Code Manager- 

Easily organize and integrate work from 
multiple developers, sites, and platforms. 
Automatically track and inform of con¬ 
flicting source code changes. 


Compatible- 

Begin using without any special 
preparation or administrative 
requirements. 


Version Tool— 

Accelerate version control. 
Graphically view source file history 
as well as concurrent modifications. 
























































































Because this is the new face of software develop¬ 
ment—integrated, organized, productive, and very, 
very easy to use. 

It s called SPARCworks'TTeamWare for the Solaris* 
operating environment* 

And it's from SunPrd“ the software development 
arm of Sun Microsystems, Incf 

What makes our SPAECworks/TeamWare 
products so great? Let us answer that question 
with a few of our own* 

How would you like to have 
multiple developers working on 


The 

Features 

* Extends SPARC works 
deveiopmenc environment 
•Compatible with C, C + + 
Fiscal, FORTRAN, and Ada • Supports 


the same source base without 
getting in each other's way? 

Or how about doing 
source code development, 
quality assurance and testing, and 
release engineering at the same time? 

Regardless of whether they're in the 
same country, or even on the same network? 

And manage more than one release 
at a time, with code coming from 
different locations? 

Perhaps building project 
components in parallel and inte- 
withmtspARCworhrrm^an, grating them later appeals to you? 

m ttsm mghi aj ^ ^ ^ 

uieU be ixked in their mm rooms. thoUght SO 

You see, SPARCworks/JeamWare can do aU that 
and more* Because it was specifically designed to solve 
the problems of today s complex, multi-developer, 
multi-site, multi-platform development projects. 

No matter how big or small those projects are* 

SPARCworks/TeamWare works with the 
SPARCworks development environment to be totally 
scalable and extensible—from small groups to large 
ones, across geographically distributed sites, and 
disparate platforms. 


bcKh Solaris l and Solaris 2 operaiing environments 
♦ Graphical cracking of multiple releases for easy 
ioTegtation and release management • Graphical inspection and 
manipulation of multiple source flic versions * Captures complete 
project source file configuration * Compares and merges con 
current source file modifications ♦ Accelerates project 
builds • Coordinates and manages individual 
session tasks * ProWorks’"/TeamWare 
avai table for Solaris development on 
xS6 platforms • Manages 
code over heterogeneous 
networks 



It s also customizable to each developer s or team's 
way of working, right down to specific operations. 

Which brings us to the next point. 

SPARCworks/TeamWare builds on standards your 
developers already know and use: the UNIX* SCCS 
utilities, NFSf and X window system utilities. So there^s 
no ramp-up time, no new system administration, 
no conversion, and no special databases. 

You're ready to run as soon as you load it. 
What s more, because 
SPARCworks/TeamWare uses a 

graphical approach, developers 
can work in parallel, and 
actually see what they— 
and everybody else—are 
doing, all at the same time. 
And what would you 
expect to pay for all this? 

A lot less than you'd guess. 
Under $1,000 a seat. 

Call us at 1-800-2SUNPRO for a copy 
of the SPARCworks/TeamWare Solutions Guide 
including real life success stories 
from SPARCworks/TeamWare users, 
or our 30-day Try and Buy CD 
which lets you try SPARCworks/ 

TeamWare before you buy it. 

So why choose between crude 
version control tools on one end or overly complex 
(and expensive) configuration management systems 
on the other? 

Especially now that you've come face to face with 
something better. 




A?/ 





SunPro 

A Sun Microsystemsi Inc Bi^SEness 


SunPro, 25 50 Guuw Afw., MDuntdin Vie»t CA 94CM3' 1100- Sun. dw Sun logo. Sun Micnxysrcms. SunPro, the StuiE^ logp, PrtiTOjiiii, NFS unJ Sobra. uc (ouknwks or ^isccfcd Erademiuk^ of Sun MioisiTitciia, liK. 
AJJ SmRlC TiulcnMrks, inctiMliug tlic SCD Coinpliani air tiadnniirk* of rogmcted: tnkdemu'ja of SRARJI InDCfn&uooal. Inc. SEKRCofnpJkr, and SPARCwdaoK IkefiS«d e»;lu94'MeC}' ro Sun Hiciosysienii, Inc. 

ProeWta Waring iheSEAHC [udenufkaxr based on mj udiimturo dc«eli3f)ed tiy Microayaiems. Inc. UNIX is a regisicjrd EiodcEnark rfUNIX Sysrom laborotorks. 

All other piudiHCB Uf swvicaj meniianed herein ait nsdrinaFilQ of ihtir itspective owneri . © 1994 Mkewysttma, Inc. 
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Pairing C ami C++ 

Dear DDJ, 

In his article “Programming Language 
Guessing Games’" (.DDJ^ CJctober 1993), 
PJ. Plauger expresses confusion over 
the popularity of C++ since it is so com¬ 
plex and presents an exceedingly com¬ 
plex algorithm for pairing teams in a 
round-robin tournament. 

Yes, C++ is a complex language, 
Plauger is right in suggesting we choose 
and stick with a subset of die language, 
C++ is like English. You can use it to 
state something in a very complex fash¬ 
ion, or very simply. The latter is usual¬ 
ly the stronger statement. The round- 
robin tournament problem illListrates this 
very well. 

The physical-education community 
has developed a simple algorithm for 
pairing teams. First, list the teams on 
pieces of paper, l^ave one piece blank, 
if necessary, to ensure an even number 
of teams. Lay out the papers in two 
rows; that’s day Hold the upper-left 
piece in place, and rotate all the other 
pieces of paper; you then have day #2. 
Repeat the process for each succeeding 
day until you are back at your original 
positions. For six teams, the rotation 
would be as in Figure L 

The C++ program implementing diis 
algorithm is equally straightforward. 
Note the simple, elegant power of the 
for statement controlling the inner print 
loop, which 1 show in Figure 2. 

Jay Frederick Ransom 

Oxnard, California 



Keep It Simple 

Dear DDf 

I was glad to read Michael Swaine’s 
“Programming Paradigms" {DDf Nov¬ 
ember 1993), which gives Fortfi a plug, 
even in a lightheaned way. Ids a far c^, 
though, from the good old days of a 
decade ago when DDJ annually had an 
entire issue devoted to Forth. 

Part of the Forth Standards efforts are 
confounded because the creator of Forth, 
Charles Moore, doesn’t believe in stan¬ 
dards for Forth. Moore coasiders Forth 
to be a program-development environ¬ 
ment that increases productivity by speed¬ 
ing up the programming cycle. To keep 
it simple, small, and speedy (EQSSS), cer¬ 
tain design decisions resulted in using 
postfix notation, threaded code for com¬ 
piling, a dictionary to hold functions, sep¬ 
arate stacks for data and return address¬ 
es, and a (usually emulated) stack-based 
processor. As a result, the Forth language 
is an outgrowth of the Forth system, 
rather tlian a construct in its own riglit. 

Mcx>re works mostly with embedded 
.systems, and varies die basic Forth to 
match die liardware and program-design 
requirements. Forth dien behaves like as¬ 
sembler. A few primitive words (func¬ 


tions, opcodes) are used to extend Forth 
to develop the data types and structures 
that particular program requires. 

On the other hand, a large group of 
programmers want to use Forth in sym¬ 
bolic programs: word processors, spread¬ 
sheets, graphics programs. They telieve 
a Forth language without a standard is 
Forth in chaos. Many come from a tradi¬ 
tional-language background—Fortran, 
Pascal, C, and the dke. Tliey want Forth 
to look more like the language they are 
familiar with, so they push for CASE state¬ 
ments, local variables, more stacks, string 
functions, floating-point numbers, graph¬ 
ics hinctions, and so on, as part of tiie 
standard Forth. It comes to this: Do you 
want Forth on a floppy or a CD-ROM? 
Walter J. Rottenkolber 
Mariposa, California 

Windows Setup Follow Up 

Dear DDf 

1 wish that you had published Walter 
Oney’s article, “Examining the Windows 
Setup Toolkit" (DDf February 1994) a 
few mondis earlier. Last November, I had 
the pleasure of building a seaip program 
for an in-house software package using 
the setup toolkit from the Microsoft SDK. 


#include <io 0 treaiii.h> 

#include <fltring.li> 

char teams [100] [50] . // 100 teams ought to cover the field 

// long, names not allowed 

temp [50]; 
int n_ teams = 0, 
firet_half, 
second.half, 
day, 
rotate; 

char laat^namer 

main () 

{ 

// Read in team names 
do 

C 

cin >> teams in_tearns] ; 
laat„name = teams [n_tearns] [0]: 

n_team3++: 

] while Claat_name 1=^ //Delete the * team: 

n_tearns -= n^tearns % 2; //Another simple, yet strong, ei^pression 

// print out playing schedule 
for (day = 1: day < n^teams: day++) 

C 

cout << '’\n\nDay " day <c "\n\n"; 
for Cfirat_half = 0, Becond..half = n^teama - 1; 

first.half < second^half; 

first_half++, second_half—) //What you can do with a for loop! 
cout « " 

<< tearas [first.half] 

« '■ vs " 

<< teams [second.half] 

« "\n": 

// Rotate teams for next day 
strepy ttemp, teams [1]J: 

for (rotate = 2; rotate < n.teams: rotate++) 

Btrepy (teams [rotate - 1], teams [rotate]): 
strepy (teams [n.teams - 1], temp): 

) 

return 0: 

) 


Figure 2 
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ABetter 

Basic 

New CA-REALIZEK 2.0 Beats Visual Basic 3.0. 





Compared to Visual Basic 3-Q 
CA-REALIZER ■ 2.0 is half the cost and 
twice the pix)duct. 

CA-REALIZER is already 
the easiest, most powerful 
BASIC for Windows and OS/2, 
and with version 2,0 it's even 
better. No one can match our com¬ 
bination of featu res, ease of use, and 
price. No one can make it easier to port 
your applications from QuickBASIC, and 
no one can make It more fun to develop for Windows and OS/2. 

CA-REAL12ER also comes with a huge array of powerful, 
plug-and-play tools like spreadsheets, charts, text editors, animation, 

graphics tablets 
and database 
forms, along with 
many features 
other BASICS dorit 
offer. Airfare 
re-dimensioned 
and processed 
automatically 
Algorithms can 
be written as 
formulae instead 
of complex looped 
expressions, 

Once an applica¬ 
tion is complete, 
compile it into a 
stand-alone 
OS/2 or Windows 


application and distribute it royalty-free with the mmtime module 
thafs included. And you can generate an installation disk with the 
push of a button. _ 

PC Compatingsmd'Noothei: iaa,MkBVTE 
Windows BASIC can match It for power 
and breadth of features."’ 

At $99, no one can match our price either, and it includes our 
award-winning Windows report writer absolutely FREE. 


Only CA-REALlZER Gives You All Of This: 


' Develop for Windows and OS/2 

* Create and save libraries of preceded and formatted cont^^ 
from within REALIZED 

‘ Use any staridard Windows and OS/2 custom control in FormDev 

»Imegraied Programmable Application tools such as Charm. Sprea 
Text Editors. Graphics, An i made n, and a Scheduler 

» Easy migration of QuickBASIC applications to Win 

• Import/ExpoU Of 1-2-3 rExcel, CA-Su|^rcalc, CA'D 

• Interactive WYSIWYG application design 

* Generation of user accessible a modifiable BASIC code 
‘ Full support for DDE and DLLs 
»Instant database form s from DBF Bles 

' Dynamically expandable multi-dimensional arrays w 
array and matrbt operators and functions 


CBOSOJT 


INDOWS 




time only Call today and find out how 
much better BASIC can be. 


Call 1-800-225-5224, Dept. 25302 
Today Or See Your Local Dealer. 

goo<ifo™MM Gomputer' 

JlSSOOATES 

Soffware superhr by design. 


NewCA-REALIZER2.0 

^ CtJcnputer Associates tnterriatJjCititil, tne,, islEUidIa, NY tlTBS-TOOOi All product cdtrenccd hciEiri are irarfeuiarks of iheir respective 
companies. Cost comparison based an Visnal Basic Release 3.0 Suggested RetalJ Price. fC quote appeared 10/91, pg. 90. 
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11000I11Q 11010101 VGUI! 10001 0[ 

■nj 1 1 00010101010001 ooi inni oool 
10 1010000 101000010 VGUI 1000 oi 
111 0110101 VGUII0010111011 VGU 
(110001110 11010101 VGUI! 10001 ()( 
1100010101010 001 001 11 1111 0O0 

juiiooioinon vg 
110 


Build a graphical 
editor managing 
1000& of interactive 
nodes and links 
that redraws 
instantly... 


In 100 lines 
of C++ code! 


Call SOO-FOR-ILOG x107 
for a free demo disk. 


nioiQioio 
iDlOVGUlf 
100011 r-i:: 
lOlli VGU 
110101010 
10Q011 iiCO 
10111 VGU 
110101010 
010 VGUI! 
100011 ooc 

10111 VGU 
lIOlGlOlO 
100011 OOC 
10111 VGU 


ILOG ViKWS eniableji the 
develop me nt of \try Clrapliical 
User InteiiaceH (VGUII"'), 

n.-OG VlEW,s h a ptirtabb C++ library 
of graphic and interacior object that extends 
standard GUT environmems with real graphics, 
ILOG Views let.s you draw, objectize, edit and 
cutiLumize. It gives instant access to a eomprehen- 
.sivc libriU'y of sirucLnte4.i graphical objects and 
intciaciors (sdcci, move, resize, zoom) as well 
as PowerObjecis (Tictwork, chstrts, spreitdsheei, 
Gantt clian, hypertext, client-server), 

Graphics are separate btrai interaction— 
making it possible to shrink applicxition code 
hy I -20 white boosting pertbmiance! 


\w 


QUIIOIQIOQDIIIOH 
lOVGUIlOroiOIOlO 
OOOOIII 0110101 V 
GUIIQ1010001110 1I 
10 VGUI! 000101010 
Ul 1011110 1010000 1 
i'i .0001 i 101101 OI ' 
GUI! 01010001110 11 
nOVGUI! 000101010 
((■■OOOllI 0110101V 

null 01010001110 11 


ILOG, lisc 

2tn3 LiutdiEmii Drive 
Mouiiiain View. 
CA9W43 LISA 
phnnej (ftltd) 3674564 
(4l5)39tl-5UO!} 
fail 
emiiil; 


FilesToCop^fList and specifies the section 
name to add. For simple installation, 
only one call specifies the section “Files,” 
This is also the procedure to use 
when you want to allow the user to se¬ 
lectively setup portions of your appli¬ 
cation. You group your files in sections 
and allow the user to select which sec¬ 
tions to setup. It is then a simple mat¬ 
ter to call AdciSectionFilesToCopyLtst for 
each section that is to be setup. 

Gene Psoter 
Atascadero, California 

Rmidof n Thoughts on the Stock Mtodzet 

Dear DDJ, 

Tom Swan's Algorithm Alley” column 
(DDJ, DecemlTer 1993) correctly points 
OUT that a group of numbers, which are 
alleged to be random, must satisfy a lot 
of tests. But the highlighted example— 
the stock market—is not a good ran¬ 
dom sequence, Tlie market is somewhat 
unpredictable. But successive prices are 
very stn:>ngly coiTelated, Tlie distribution 
of the first differences (daily changes) 
Ls very uneven widi far too mtiny very 
small changes. You'd quickly scrap a 
randonvnLimlier generator that created 
numtx^rs like that. The other example, 
lotteiy numl^ers, is fine, 

Donald Kenney 
CompuServe 72630,3560 

Tom replies: Thanks for your letter, 
Donald. YouTe right that successive 
stock-market prices are very strongly 
correlated, but so are the sequences pro¬ 
duced by common random-number 
generators. In fact, so-called “random 
numl^ers” are completely predictable to 
produce the same sequence ^—just re¬ 
run the program using any value in the 
sequence as the slaiting useed! Stex'k mar¬ 
ket prices are more random because 
they are truly unpredictable. If that were 
not so, as I stated in the article, every¬ 
one would l3e wealthy, 

1 understand your point that stcxrk- 
market prices themselves would not be 
.suitable as direct substitutes for com¬ 
mon random-function output, but I nev¬ 
er said they were. If you use the Dow 
Jones Industrial Average to progmm a 
lun^ir-lander simulator, die landing mod¬ 
ule may crash. (Let’s hope the stock 
marker doesn't.) Sedously, I am not sug¬ 
gesting using stock prices as random 
numbers; only that the behavior of the 
stock market is an example of true ran¬ 
domness, Random-number generators 
are misnamed because their output is 
predictable, and therefore, not actually 
random. A generator's output may ap¬ 
pear to satisfy some conditions of ran¬ 
domness, but only real-world events are 
truly chaotic. 

(continued on page 16) 


(continued Jrom page 10) 

I heartily agree with Walter: Tlie setup 
toolkit is a credible toolkit (and tree for 
SDK owmer.s), but its documentation 
leaves you wisliing for more, 

I'here is one point in Walter’s article 
which I can simplify. He recommends 
hand-modifying the .INF file produced 
by the DSKLATT program, DSKIAYT is 
used to lay out the files to best fit on 
the setup disks. This program requires 
that you specify^ all of the files that will 
reside on the setup disks. This includes 
not only your applications files but the 
files that control the setup process. The 
.INF file, which is generated by the 
DSKIAYT program, controls the copy¬ 


ing of the files from the setup disks to 
the user’s hard disk. Nonnally, all of the 
setup files wiJl also be listed in the JNF 
file and copied to tlie user's hard disk. 
Walter suggests removing these files 
from die .INF file by hand. 

A better approach is to specify that 
the setup files Lie placed in a dilTerent 
section of the .INF file. This is controlled 
by tlie DSKLAYT program by filling in 
tlie “Put In Section" entry for each of 
the setup files. When this field is left 
blank, the files are put into the default 
section named “Files.” I specify that all 
the setup files be placed into the sec¬ 
tion SetupFiles. When your setup script 
runs, it calls the function AddSecHon- 
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MAKE YOUR CODE FLY 




When you're pressing the limits of soft¬ 
ware performance^ every microsecond 
counts. Veering from the optimum compila¬ 
tion course increases execution time. 


The compilers generate informative error and warning 
messages, and comply with major industry standards. 
For years, MetaWare 


has supplied major OEMs 

— C++ 

That's why professional C/C++ developers Astignobi«t" 


such as AMD, AT&T, 


Ohrystone 3.1* fiArnk»ifE^ 

44W&42.9 

Whfltslone* KH1na/j«L 

I 21.727 
I 19,230 


use High C/C++“. MetaWare’s High C/C++ com¬ 
pilers offer eight levels of global optimization, plus 
specific optimizations for particuJar processors. The 
executables consistently out-perform competitors in 
benchmark testing. 

Besides offering rapid execution time, 
MelaWare's High C/C++ compilers provide a myriad 
of controls that ailow you to customize and fine-tune 
code generation. There are commandHine toggles 
and pragmas for customizing your application. 


CenterUne, IBM, Intel, and NCR, with 32-bit compilers 
for a variety of different processors and platforms, 
These OEMs depend on MetaWare for superior 
products and support 

Call (408) 429-6382, or emaik techsales@ 
metaware.com, for more information about features 
and specific platforms, 

MetaWare^ 

Hish C/C++ for OSf3, f<iT. DOS kVfmtowft?. AIK Urm SVR4. anrf SalBfis 


■Berrchmarlt saujce and other performance information aval labia upon request. Dhrystane benchmarliis use the -0 option. 

MAtaWare, the MetaWare logo^, Ktah C, and Professional Pascal, are registered trademarks, and High C/C++ end Hlflh C++ are trademarks, of MetaWare Incorporated. 
Other names are tradamarks of their respecbve companias. Copyright 19*94 MetaWare Incorporated, 2161 Delavuare Avenue, Santa CruA CA 95060-571C& 
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C++/Views 3.0 c rviews 

by Liant Software Corp. 

llie best object-ortented application frame¬ 
work for developing multi-platform, native 
GUI programs using C++. Includes a llbrar>^ 
of 100+ C++ classes that solve a broad range 
of software development problems including 
Interface design, data management, event 
processing, & more. Includes C++/Views 
Constructor* a unique development tool that 
lets you work visually with the C++/Views class library. The 
Constructor unites an interface Builder for creating portable 
resources & a Browser so you can switch from drawing & 
archiving your portable resources to editing the code Ihat calls 
these resources. No royalties or ITT fees. Source code is free. 

List: $749 Special Ours: $565 FAXmera^i 1952 0021 


CA-REALIZER for 
vandows & OS/2 

by Computer Associates 

Defines a new generation of development 
tools that handles the mechanics of event- 
driven programming, message passing, 
process sharing and other complexities 
behind the scenes. Combines a structured 
superset of BASIC extended to access 
Windows and OS/2 objects and resources, a visual development 
tool and Programmable Application Tools. CA-Realizer will help 
you create spreadsheets, charts, text editors, animation, graph¬ 
ics tablets and user-friendly forms from tools that can be created 
and manipulated by simple commands. 

JMt: $295 Oiua; $79 FAKcctem 1004-0008 




N^indowsMAKER 



WindowsMAKER 4;^^ 
Professional 5.5 ^,6 

by Blue Sky Software 




'4> 


If youTe serious about C/C++ Windows devel¬ 
opment, WindowsMAKER'’^ Professional 5.5 Is 
the most i>owerlid Prototyper and C/C++ Code 
Generator for Windows, Win32 and Windows 
NT, This award-winning product offers more functionality &. 
ease-of-use ttian any other tool. Create full-featured Windows 
Appllcationsr MDl, Toolbars, Status bars, Templates, On-line 
Help, Graphical 3D buttons. Edil During Preview much more. 
Tn.teCode^''’ technolog}^ ensures that user code is 100% preserved 
during code regeneration. Supports ANSI C. MP'C C++, OWL C++ 
& more. Uses SwItclvU'^'^ Code Generation Modules for generat¬ 
ing code for speciiltr plalibrms. allowing mlgralion between lan¬ 
guages, C++ libraries & platforms. Highly recommended! 


Borland C++ 4.0 

by Borland Inlenialional 

New Borland C++ 4.0 is visual, ami 
lhats Jusi the beginning, Only 
Borland C++ has Iruc C++ support 
witli except Ions, templates and (he 
easiest, moal puwerhil suite ol objecl-orlenh'd tools available 
loday. With lull support for DOS, Windows. Win32s and NT, [i s 
the C++ develtijjiiiem system you ve got to have. 

List: $499 Ours: $329 
Upgrade List: $199 Ours; $189 

FAX.v^ 1 #: 1861-0016 



List: $995 Ours: $875 FAXutera#: 2602-0003 


c-tree Plus® 

by FalrCom 

DOS • WINDOWS • NT • UNIX *08/2 • 

SUN • RS6000 • HP90t)0 • MAC • QNX • 

BANYAN • SCO. This well known, highly 
portable data management package has 
become established as the texil of choice for 
commercial development. Offering unprece¬ 
dented data control, programmers may 
choose from direct low level access, ISAM level convenience, or 
SQL access Wfldi the FalrCom Server. Single User, Multiuser, or 
CUent/Server, ANSI Standtird. 

List: $595 Ours: $505 FAKceterai: 1381-0008 
Call Programmer's Paraifise' ttalia for special pricing in Europe. 


IntegrAda for Windows 

by Aetech Inc. 

Complete Ada Programming Support 
Environment (APSEJ for Windows, adding 
a language sensitive editor; automatic code 
generation & error checking; interactive 
error correction: pop-up menus to com¬ 
pletely customize the environment to the 
standard Windows fcatuies. Allows you to 
quickly code, correct, compile, dr link your 
Windows programs using Ada. Includes 
environment, libraries, validated Ada compiler, Ada Windows 
Libraries, Header Files, Resource 6t Help compilers, & MS 
Idnker. (ACVC 1,11 validation pending}. No RT Royalties! 

List: $995 Ours: $895 PAXofmi #: 2358-0003 
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Janus/Ada 9X Professional 
t Srstem 

by R.R. Software 


The leader in PC-based Ada, 
Ne>N’. ^^gp^proudJy Introduces the first 

Y lot comprehensive Ada 9X pro¬ 

gramming systems. Ada 9X 
brings the latest in Object- 
Oriented programming to Ada, 
and you can get U today complete 
witu numerous professional tools. Special introductory pricing 
is good only until July 31. 1994. 


Symantec C-t-+ 
Professional 6.1 

by Symantec 

The new version 6,1 not only 
enhances product stability and relia¬ 
bility but also brings new features that 
6.0 customers asked for. Now you get: 
full template debugging; improved hierarchical project manager; 
customizable color-syntax highlighting; & enhanced 32-bit sup¬ 
port with 32-bit MFC 2.0 on tlie CD-ROM. So donT wait. Tiy 
Symantec C++ 6.1 and find out why the critics arc raving about 
this new breakthrough in programming systems. 



MS Windovvis NT or 32^Bit DOS Extender: 

List: $995 Ours: $625 FAXnfE?™#: 1876-0001 


Competitive Upgrade for Borland or Microsolt customers $189. 

List: $499 Ours: $299 
Comp. UpgJ List: $199 Ours: $1S9 
FAXrfftfra#: 2132-0038 



















List: $385 


Best 


Network C Library w 

by Automation Software 
Consultants, Inc. ^O/ 

The most comprehensive llbraiy ava liable for 
NetWare software development, supporting 
all versions of advanced NetWare. Over 450 
C functions, Include any features from the 
NetWare command line utilities and menu 
utilities in your C or BASIC programs for 
Windows or DOS. No licensing hassles. 
C library source code available. 

Outs: $355 FARcetm*-. 1004-9201 
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$599 


Li&t: 


$749 


list 


$ 99 


List 


$519 


List 


$199 


List 


Ours: $370 
Ours: $699 
Ours: $ 89 
Ours: $479 
Ours: $185 


Help APltiwing TppI 


Microsoft Visual C-h-H 
Development System vl.5 

i. Microsoft Corporation 

'i- Master ttie power of OLC 2 & the database 

access llexibllily of ODBC with MS Visual C++ 
-Viil Wl vl.5. Prof. Edition. Vl.5 allows you to create 

^ liyyLi^Vdu. high-performance database apps & powerful 
reusable OLE 2 components. Includes Visual 
Workbench, App Shidio, and MS Foundation Class Library 2.5. 

MS Visual C++ 1*6 

w/Chinon CD-ROM Drive 
1,5 Upgrade 

w/Chinun CD-ROM Drive 
Visual C++ 16/32 Mt Suite 
FAXr^fbTfj#: 1269-0056 

RoboHELP® 2-6 

by Blue Sky Software 

RoboHELP® 2.6, the best-selling Help 
AttOiorlng Tool for Windows & Wtndows NT, 
offers full document to Help system conver¬ 
sion \1ce versa. Turns Word for Windows 
into a fully funcUonal hypertext authoring 
system capable of producing Wintlows Help 
files as easlfy as it does plain text. Fill In the 
actual Help text when prompted. RtJboHELP takes care of gener¬ 
ating the RIT. HPJ & H dies. Link tester allows you to simulate 
your design before you compile. Pull support of Word 2.0 & 
Word 6.0, all features In the Windows Help Engine, such as 
macros, secondary windows. & multiple hotspot graphics. 

List: $499 Ours; $439 #: 2602-0005 


List: $598 Ours: $349 TAKcitmi^i 1683-0005 


WATCOM FORTRAN 77®“ Version 9.5 

by WATCOM 


32'bit optimizing FORTRAN 77 compiler 
and tools for DOS, Novell NLM, 
OS/2 2.x. Windows NT. Win32s* & 
Windows 3.x. Comprehensive language 
support with FORTRAN 90. DEC VAX & 
IBM VS language extensions. Advanced 
processor optimizations including 4S6 & 
Pentium instruction scheduling. Multi- 
platfonn toolset Includes linker, debug¬ 
ger. profiler, royalty-free DOS extender 
with VMM & more. 


- / . X' 

E ri M-O-Nt 

ReferencePoint - y /- ■: 

Personal Assistant ^ 

by ReferencePoint • ' 

RcfeRmcePoini PerBonal Assistant auto- . 
mailcally makes an Index of any Informa¬ 
tion that you create or modily anjwhere 
on your lompuler system, so that you / 
can find any flic, Instanlly, whether from 
a word processor, database or spread¬ 
sheet. So. type what you w-ant to find, 
and PersofiLd Assistant will locate cveiy lUe in Ole computer con- 
tainltTg those woi ds, Refcrcncel’otiU Royalty Free SDK for DOS. 
Windoivs. Mac. OS/2 and UNIX also available from 
Frograiumer's Paradise'. CciU for pricing. 

List: $99 Ours: $79 FAX.vfLvo #: 1008-5001 


Mwave" Developers Toolkit 
with IBM WindSurfer~ Bundle 

by Intermetrics, Inc. 

What once was multiple products and toolsets 
is now bundled in one multimedia PC add-In 
card and Toolkit. The Mwave WindSurier 
Communications Adapter is a “works out 
of the box'" data/ FAX modem, sound, voice 
messaging and telephone answering card with application soft¬ 
ware. it is bundled with the Mwave Developers Toolkit so you 
can build software that takes advantage of the Mwave digital sig¬ 
nal processing fDSP) platform that drives WindSurfer. Try out 
the magic of a software upgradeable and programmable Mwave 
PC solution. You'd be developing for the future and using it 
today! And you can do It for an incredibly low price! 

List: $900 Oura: $495 FAXc^^^^ra #: 1012-4601 


WATCOM^^^ C/C++32 v9-5 

by WAl'COM 


C/C++33 is a professionai, multi- 

platform C and C++ development WKmCIQn^ 
system supporting 32-bU extended . 

DOS. OS/2 2.x. Windows 3.x. 

Windows NT, Win32s, and AutoCAD 
ADS/ADI. The complete toolset 
includes: C and C++ optimizing 
compilers* royalty-free DOS extender 
with VMM support, licensed compo¬ 
nents from the MS Windows 3.x SDK, interactive source-level 
debugger* linker* profiler, supervisor for executing 32-bit 
applications and DLLs under Windows 3.x, 32-bit run-time 
libraries for extended DOS, OS/2 2.x. Windows 3*x and 
Windows NT* and more* 


:;Li&t: $599 


Outs: $349 . FAXceiera #: 1683-0003 


PRICES! (Call for Details) 
to orcier call: 800^445-7899 

Xorporate (C0R50FT): 800 422-6507 


FAX: 908 389-9227 
International: 908 389-9228 
Customer Service: 908 389-9229 
Programmer's Paradise Italia: 

39-2-480-16053 

For more informatioii on the 
duets featured on these pages call 
FAX.WJ (201) 762J37B 




• All prices ore subject to changa^witFiouf notice. 
Call br details on return policy and shipping charge. 
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LITTERS 


pracEdiire GetMaxC{H. 7 : Double? 

var C : Double): 

( Get Hflx C for given H and V } 
const 

Fi = 3a415t26535a979324? 

Pi2o3 - 2.0 + Pi / 3,0: 

DpK = 180.0 / Pi: £ Degrees per 
Radian ] 

var 

HRad : Double; 

Cl. C2. C3 : Double: 
begin 

HRad:- H / DpR; 

Cl:= CoEf HRad + Fi2o3)? 

C2:= Cos! HRad): 

C3i= Coa( HRad - Pi2o3): 

if (Cl > 0.0J then 
Cl:= V / G1 
else 

If (Cl < 0.0) then 
Cl;= (V - 1.0) / Cl 
else 

Cl!= 1*0: 

if (C2 > 0.0} then 
C2:* V / C2 
else 

if CC2 < 0.0) then 
C2:= (V - 1,0} / C2 
else 

C2:= 1.0: 


if [C3 > 0.0) then 
C3:- V / C3 


else 

If (C3 < 0.0) then 


C3 

else 


(V - 1*0} / C3 


C3:= 1.0: 


C:- Cl: 

If (C2 < C) then C;= C2: 
if EC3 < C) then Gt= 03; 
if ((V 0.0) or EV 1.0)) 

then C;= 0.0; 
end: [ GetHaiC ] 


Figure 3 


{continued from page 12) 

Putting HV€ Back in Order 
Dear DDf^ 

In Maxwell T. Sanford IVs letter {DDf 
November 1993) about my sidebar, 
"Putting Colors in Order" (DDf July 
1993), Maxwell was too restrictive in as¬ 
signing C?n£ix=min(V, V) It true 
dial R, G, and B must be in the mnge 
CO.O, 1.0), but the Chroma C can be as 
large as 2/3* This is tme, for example, 
when V=2/3 and H=0, My new para¬ 
digm for representing a color is a color 
bubble, not a color cone. Given values 
for H and V, the max C is given by the 
procedure GetMaxC in Figure 3- 
Harry J* Smith 
Saratoga, California 

Processor Scenarios 

Dear DDf 

Even after many months, 1 found Nick 
Tredennick's article, "Computer Science 
and the Microprocessor” (£>£)/, June 
1993) very interesting. His market mod- 
el and definitions make a lot of (com¬ 
mon) sense. During die course of the 
article* there is a recurrent theme of 
RISC vs. CISC and PC software vs. 
workstation software, and il becomes 
appareni that Nick feels that the two 
w^ill never mix. 


However, emerging software tech¬ 
nology is providing the inevitability that 
die two worlds wUl mix. Without going 
into its relative merite, Micrasoft’s Win¬ 
dows N1' is one of the first to desegre¬ 
gate hardware systems. NT is already 
on several microprocessors, and the list 
is likely to grow. This can only serve to 
help the microprocessor market waters 
find their own level. It should mean that 
die largest market share (CISC) will drop 
some, and the lowest market share 
(RISC) will rise. 

The uitimaie scenario is that any mi¬ 
croprocessor house can provide a mi¬ 
crokernel driver for their product and 
"Intel Inside” will have no more mean¬ 
ing chan "GE Inside” for toaster-heating 
eienients (altliougli Eve heard GE is con¬ 
sidering using the Pentium in its toast¬ 
ers as heater elements). Then we can all 
pick our own favorite processor for the 
job at hand, Aaron Goldteig, in the Sep¬ 
tember 27,1993 PC Week, called this the 
“Esperanto of Tomorrow” (and .showed 
why a multiplatform operating system 
has value* whereas Esperanto failed for 
lack of interest). 

Jonathan Platt 

Pipersville, Pennsylvania 

DDJ 


THE TOP 20 REASONS TO USE PAIGE 
EM YOUR 1994 PRODUCT LINE. 


PAIGE" is a cross-platform text 
prEX'essing^page layout engine. Here's 
why you should own it. 

2 Open-Architecture Design. 

PAIGE is extremely flexible and 
‘‘forgiving”. It makes no assumptions 
about the contents of a document—or 
even its shape and coordinates. You 
can control every aspect of lext/graphic 
foimatting, editing and display. 

3 Stylized Text. Extensive styliza¬ 
tion and text formatting—with 
no memory limits. Features include 
paragraph formatting, keming, hid¬ 
den text and variable tab stops. 

4 Embedded Objects* Embed 

objects or data elements into the 
text stream—^graphics, video, etc. 


5 Containers Shapes 

Document data will adhere to 
and wrap inside or outside applica¬ 
tion-defined columns, linked contain¬ 
ers and irregular shapes. 


6-20 


Hypertext capable 
Advanced word 
processing features • Multi-level 
“Undo support" • Print View Scaling 
• Wriiteti in portable C code (object or 
Source) • Virtual Memory • Uses no 
global variables • Supports most com¬ 
pilers, development systems 6a- class 
libraries * World Script compatible • 
Mail-merge • High-level scrolling and 
pagination • Style sheet suppon • 
Discontinuous Highlighting* Oneyear 
Tech Suppon • 

ROYALTY FREE 


WINDOWS, Macintosh, PowerPC 
Versions Available 

PAIGE is a multi-platform devel¬ 
opment engine. It allows you to design 
the majority of your application in 
"CPU independent” code. Each addi¬ 
tional platform version requires you to 
change only the platform specific por¬ 
tions of the code while maintaining 
data and application compatibility. 

Join the hundreds of Tnajor soft¬ 
ware publishers planning to use PAIGE 
as their development tool of choice* 
For complete technical/pricing sum¬ 
maries contact DataPak Software at 
800-327-6703 or (206) 573-9155. 


1. 1995’s Bottomline... 
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'We chose PVCS because the 
vendors of our new develop¬ 
ment toots recommended it 
They told us Software 
Configuration Management 
was a necessity for productive 
development on the LAN. 

I'm glad we listened 
to them. PVCS has proven 
to be invaluable. We now 
have superb control over all 
development efforts." 


The Major Development Tool Vendors Agree: PVCS 
Is Essential for Productive Development on the LAN 


Selected Vendors: 

Borland International IDE 

Digltalkleam/V 

Gupta Technologies, Inc. 

HP SoftBench 

IBM SDE/6000 

IBM OS/2 

Interactive Unix 

Micro Focus COBOL 

Microsoft Visual C++ 

Microsoft PWB 

Powersoft PowerBuilder 

SCO 

SunOS 

SunSoft 

Solaris 

Symantec C++ IDDE 
And many more... 


PVCS Developer’s Toolkit 

PVCS 

PVCS 

VersloR 

Configuralion 

Manager 

BiUlder 

PVCS 

Reporter 

PVCS 

Production 

Beteway 


Leverage Your 

Tool Investment with PVCS 

'ITiere’s a reason why all major Client/Server 
and LAN development vendors have formed 
alliances with INTERSOLV. It's PVCS- 
the standard for Software Configuration 
Management on the LAN. It’s a vital 
ingredient for productive LAN development. 


Every Major Development Tool Vendor Partners with Intersolv 

The list on the ieft is only partial. PVCS is available in all the environments 
developers work in—today and tomorrow. That means less training-you don’t 
have to learn another SCM tool if there’s a change. That means more efficient 
development and easily enforced standards. It means consistent audit trails for all 
development, and the ability to correct errors and anomalies at any time. 


Serious AppUcatlon Development Demands PVCS 

The trend is clear. Important applications in your company are moving to the LAN. 
They need the control and reliability that PVCS provides. Your development tool 
vendors know that-that’s why they recommend PVCS. 



Gail Today for 
More Information; 
800-S47-PVCS Ext. 20 


$ 

INTERSOLV 


The Standard for Software Configuration Management on the LAN 


Inside U.SA*1700 NW 167th Place •Beaverton, OR 97006*503-645-1150*FAX 503-645-4576-E-Mail PVCSINFO@INTERSOLV.COM 
Outside U-S.A.*Abbey V]ew*Everard Close*St Albans*Herts AL1 2PS*United Kingdom*Te! 0727 812 812 • FAX+44 727 869 804 
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CONFERENCE REPORT 


The Cambridge 
Algorithms Workshop 


Designing fast, secure algorithms for 
high-performance applications 


Bruce Schneier 

I n December 1995, the Cambridge Algoritlims Workshop, 
hosted by the Cambridge Uaiversity Computer Laboratory, 
brought together leading figures in the field of encryption 
who presented, examined, and challenged new encryption 
algorithms designed to run quickly in software. The reasoning 
behind the focus on encryption is that constructing algo¬ 
rithms which are lx>th fast and secure is the core problem 
of classical cryptology. However, recent developments, such 
as differential attacks on block ciphers and correlation at¬ 
tacks on stream ciphers, have forced cryptanalysts to rethink 
classic encryption algorithms such as those in Table 1. At the 
same time, the need for fast, efficient, and safe encryption at 
the application level has increased — DES (even triple-DES) 
may be fast enough for e-mail, but it’s too slow for emerg¬ 
ing high-bandwidth applications. 

TTie goal of the conference, therefore, was to propose new 
algorithms capable of encrypting data at a dozen or so clock 
cycles per byte for the emerging class of high data-rate 
applications. 

In this article, 111 cover the conference highlights and ex¬ 
amine the current state of encryption technology in general 
For specifics on the workshop, the proceedings will be pub¬ 
lished later this year by Springer-Verlag as part of their Lecture 
Notes in Computer Science strips. CCaU 201-548-4033 for avail¬ 
ability.) Additionally, many of the topics and algorithms 
touched upon in this article are discussed in my l^k, Ap- 
plied Cryptography (John Wiley & Sons, 1994)* 


Btidce, an independent sqfturare developer and awribor qf Ap¬ 
plied Cryptography: Protocols, Algorithms, and Source Code 
Ln C (John Wil^& Sons, 1994), presented a paper at the Cam¬ 
bridge workshop. Bruce can be contacted ai 708-524-9461 
or schneief^chinet.com. 
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The Algorithms 

In all, ten complete algorithms were presented at tlie Cam¬ 
bridge Algorithrns Workshop, all secret-key, not public-key al- 
goritlims like Diffie-Hellman, RSA, and the LIS. Government's 
Digital Signature Standard (DSS). (For more on public keys, 
see ‘"Untangling Public-Key Cryptography,” DDJ^ May 1992.) 

Jim Massey presented SAFER, a 64-bit block cipher with a 
64-bit key. It is designed for implementation on simple pro¬ 
cessors on smart cards and only uses addition and multi¬ 
plication mod 256, and exponentiation and logaridims in the 
multiplicative group of GF(257). Although Massey originaUy 
developed SAFER for Cylink Inc., the company has decided 
to place this algorithm in the public domain in the hope that 
it will become the new standard for software encryption. This 
algoritlrm will probably be important. In fact, former Soviet 
cryptanalysts in Yerevan, Armenia have been—without suc¬ 
cess-trying to break SAFER for over a year. 

Man Robshaw of RSA Data Security presented a fast block 
cipher based on the same principles as the MD5 one-way 
hash function (see my article, "One-Way Hash Functions," 
DDJ. September 1991). Robshaw’s algoritlini, designed joint¬ 
ly with Burt Kali ski, operates on large blocks—1024 bytes—^ 
but the principles can be used to design ciphers with .smaller 


block sizes. It is also likely to be important, as RSA Data 
Security provides encryption technology to companies such 
as Microsoft, Lotus, IBM, Novell, and Apple. 

Phil Rogaway presented SEAL, a new stream cipher de^ 
veloped jointly with Don Coppersmith, IBM’s top cryptogra¬ 
pher. This algorithm will be used by IBM for software 
encryption of disk files in PC-based network software. The 
algorithm is based on repeated lookup of large tables of 
pseudorandom numbers. 

Hugo Krawczyk of IBM presented implementation and 
performance details of the Shrinking Generator, which he 
also designed with Don Coppersmith and first presented at 
Crypto ’93- (See "The Shrinking Generator,” Advances in 
CT^tology: CRYFIV '93 Proceedings, Springer-\feriag, in prepa¬ 
ration.) Tlie Slirinking Generator is a simple stream cipher 
which uses the output of a linear-feedback shift roister to 
decimate the output of another linear-feedback shift register. 

Markus Dichtl of Siemens presented a derivative of the 
Shrinking Generator which combines the output of linear- 
congmential generators rather than linear-feedback shift 
registers. 

Ross Anderson of Cambridge University presented a mrxlcrn 
rotor machine. Rotor machines were all the rage in cryptog¬ 
raphy before algorithms moved to computers. Tlie German 
Enigma was a rotor machine, as were several U.S. cryptog¬ 
raphy macliines. They have fallen out of fashion recently, but 
this algorithm is an attempt to show that tliey can still be se¬ 
cure in the face of massive computing power. Anderson's 
proposal is for a rotor inacliine driven by a linear-feed back 
shift register; it is simple to describe and to implement, and 
yet seems to l^e very secure. 

David Wheeler, also of Cambridge, proposed a bulk- 
encryption algorithm leased on exf^ierience designing algorithrns 
for secure digital telephones. It is based on iterating functions 
defined by large lookup tables of random permutations, and 
can perft^rm ultra-Fast encryption of large amounLs of data. 

My owTi Blcwfish algorithm is a 6^ bit bkx:k algcxithm with 
a variable-length key. (See “Blowfislr. A New Encryption 
Algorithm,” on page 38 of this issue.) 

William Wolfowicz (of the Italian telephone company’s re¬ 
search lab) presented a 64-bit block algorithm with a 128-bit 
key which was designed jointly with Adina di Porto. Tlie al- 
goritlim makes use of a novel permutation property point¬ 
ed out by the Russian number theorist Vinogradov. 

Joan Daemen presented 3“WAY, a new block cipher he's 
been developing with colleagues at Leuven, Belgium for two 
years. It is designed to be fast in both hardware and software, 
and to resist both differential and linear cryptanalysis attacks. 

The fastest algorithm appears to be ei^er Wheeler's or 
Rogaway-Coppersmith’s. Both use about 20 instructions (in¬ 
cluding four table lookups) to encrypt a 32-bit word: about 
five clock cycles per byte. On a SparcStation, they had 
throughput of about 20 Mbytes/second; on a DEC Alpha, 
about 100 Mbytes/second. However, many of the other al¬ 
gorithms are not far behind. 

It is too early to tell if any of these algorithms are secure. 
The important thing is that they are out there and that crypt¬ 
analysts are starting to examine them. 1 expect at least two 
of tliem to fall before the end of the yean (It would be un¬ 
fair to divulge which 1 think are insecure.) The techniques 
used to break them will be recycled into the design of new 
encryption algorithms, wliich may tlien be broken using new 
techniques. And so the cycle of research will continue. 

Hopefully, in five or sLx years there will be a few algo- 
ritlmis that are still considered secure. These may then be 
proposed as standards to replace DES and then used to en- 
ciy^pt data far into the next cencuiyc 
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Designing Secure Algorithms 

If nothing else, the Cambridge workshop proved that fast, 
efficient, and safe encryption algorithms are as difficult and 
challenging to design as ever Tlie mles of algorithm design 
are simple. An encryption algorithm should secure under 
the following conditions: 

• The cryptanalyst (that's the guy trying to break the algo¬ 
rithm) knows all the details of the algorithm. He has some 
ciphertext, and his job is to deduce the plaintext. (This is 
called a ^'ciphertext-only” attack.) 

• The cryptanalyst not only has the algorithm and some 
encrypt^ ciphertext, but also the unencrypted plaintext. 
His job is to deduce the key. (This is called a “known- 
plaintext" attack.) 

• The cryptanalyst not only has the algorithm, some cipher- 
text, and the unencrypted plaintext, but he gets to choose 
what it is. If there is a particular plaintext sequence that, if 
encrypted, will easily yield the key, he gets to encrypt that 
sequence. (This is called a “chosen-plaintext" attack.) 

All of these attacks are feasible and have been mounted 
in the real world. (For historical anecdotes, see The Code- 
breakef^: The Story of Secret Writing, by D. Kahn, Macmil¬ 
lan, 1967.) Often, noncryptographers insist that the details 
of their algorithm should remain secret. From the point of 
view of security, this is a dubious practice. Security should 
not depend on the secrecy of the algorithin. If it did, it would 
be far toc) vulnerable to a “black bag" attack. A hardware- 
encTyption device can be stolen and reverse-engineered; a 
software-encryption device can be disassembled. (Even the 
details of DES were published by the government; see the 


National Bureau of Standards, Data Encryption Standard, U.S. 
Department of Conmerce, FIPS PUB 46, January 1977.) Cryp¬ 
tographers have to assume that analysts will have everything 
but the key, simply because it is prudent to do so. 

The Skipjack algorithm remains classified and is implemented 
in the supposedly tamper-resistant Clipper chip. When Intel 
came up with a new reverse-engineering technique wliich they 
thought might beat the tamper protection, the NSA promptly 
classified it. Even so, the algorithm is probably resistant to anal- 



Key 

Length 

Block 

Length 

Problems 

DES 

56 bits 

64 bits 

Key too small 

Triple-DES 

112 bits 

64 bits 

Slow 

Khutu 

64 bits 

64 bits 

Patented: key too small 

FEAL32 

64 bits 

64 bits 

Patented: key too small 

LOKI-91 

64 bits 

64 bits 

Weaknesses; key too small 

REDOC II 

160 bits 

80 bits 

Patented 

REDOC 111 

variable 

64 bits 

Patented 

IDEA 

128 bits 

64 bits 

Patented 

RC2 

variable 

64 bits 

Proprietary 

Skipjack 

80 bits 

64 bits 

Secret algorithm 

GOST 

256 bits 

64 bits 

Not completely specified 

MMB 

128 bits 

128 bits 

Insecure 


Tahle L* Block-encfypHon aigoritbms. IDEA is used for 
message ertcr^tion in Pretty Good Ftimcy; PGE RC2 was 
deoeioped RSA Data Secunty and is used in a mnety of 
commerciai software packages. Skipjack is the NSA- 
dei^doped algorithm in the Clippej-chip. GOSTis an 
algorithm det^^loped in the Sot^et Union and only recently 
made public. 





”Ai a glance, you can teU the status of any d^ct or 
change order, who is responsthle far correcting tlte 
defact or implementing dte change, and when dte 
t pm^n is t 


TRACKING TOOL. 


'/MERGE DATAB 
SBTUR to YOtIR 


FOR MORE IN FORMATION^ CALL! 

IN ■UBOPE^ CALI.I 1> 47 «7 15 07 OO 
FAX: 4- 47 07 15 07 01 


Archimedes Software, Inc 2159 Union Street, San Francisco, CA 94123 


has ra 
standard for 
tracking bugs. 


TM 
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Code Optimizer i| 

^ Muithpiatform, 
Cross-deveiopment Tooiset 


Multi-PlatfomS 


^ Extensive C and C-if>Sitpp 

^ The Widest Range jdf3i‘b0 
intei x86 Piatformi 

The industry 's Leading 


Professional C and C++ Development Tools 

C/C++” delivers the key technologies for professional developers: 
comprehensive C++ support including templates and exception handling; 
advanced superscalar optimization; and 32-bit multi-platform support. 
C/C++” includes both C and C++ compilers, so you can incrementally 
adopt the benefits of C++. 

Unleash 32-bit Power! 

C/C++-*^ delivers 32-bit performance. The 32-bit flat memory model 
simplifies memory management and lets applications address beyond the 
640K limit. Powerful 32-bit instruction processing delivers a significant 
speed advantage: typically a minimum 2x processing speedup. 

A C++ compiler designed to deliver on the 
promise of object-oriented programming 

The C++ compiler provides comprehensive support for the AT&T version 
3.0 language including templates, plus exception handling. These features 
are key to realizing the benefits of object-oriented programming: code 
reusability, increased reliability and reduced maintenance. 

Hot New Superscalar Code Optimizer 

The hoi, new C/C++” code generator advances the performance envelope. 
New superscalar optimization strategy uses “riscification” and instruction 
scheduling to deliver improved performance on 486 and Pentium processors. 
The compiler can create a single, high-performance executable which runs 
on 386,486 and Pentium processors. 


Multi-Platform, 

Cross Development Support 

C/C++^ supports a wide range of 32-bit Intel x86 host and target plaifonns 
allowing professional developers to leverage the multi-platform, cross¬ 
development capabilities of today’s operating environments including 
OS/2 2,x and Windows NT, 

► 32-bit DOS host and target support; includes the DOS/4GW 32-bit DOS 
extender by Rational Systems with royalty-free run-time and virtual 
memory support up to 32Mb, 

► OS/2 2,x host and target support; enables the development of OS/2 2,x 
applications and DLLs. 32-bit Windows 3.x applications can exploit 
MN-OS/2 using WATCOM’s Windows Supervisor technology. 

► Windows NT host and target support; includes a Windows 
NT-hosted debugger for I6-bil Windows 3.x, Win32s and Windows NT 
debugging; also includes Win32s target support. 

► 32-bit Windows 3*x target support; includes WATCOM’s 32-bit 
Windows Supervisor, and enables development and debugging of true 
32-bit Windows 3.x applications and DLLs. 


Also Available^ WATCOM for DOS 

C" for DOS is a professional, low cost 32-bit C compiler and tools 
package enabling development, debugging, performance profiling 
and royalty-free distribution of 32-bit applications for extended DOS. 
Suggested retail price: $199*, 


Industry Standard. Industry’s Choice 

WATCOM’s working reladonships with industry leaders such as 
Autodesk, GO, IBM, Intel, Lotus, Microsoft and Novell ensure that we 
continue to understand and meet the needs of the software industry and 
professional developers. 


WATCOM C/C++^ has a suggested retail price of $599*. 

For additional information or to order direct call L800-2654555. Call our 
FAX Back system at 1-519-747-2693 from your fax machine for immediate 
product information. 


CIRCLE NO. 696 ON READER SERVICE CARD 

WAT^VM 1-800-265-4555 


The Leader in 32-bit Development Tools 

415 Phillip Street. Waterloo, Ontario, Canada, K2L 3X2 Telephone: (519) S86-3700, Fax: (519) 747-4971 
Trice \n US dcpHai^. Does not include frelghit and taxes where eppttcable. Authorized dealers may sell iar less. 

WATCOM C and the Uglitnlng Device m irad^niari® of WATCOM International Corp. OOS/4G and DOS/16M 
are trademarks of Rational Systems Inc. Other trademarics are the properties of their respective owners. 

Copyright 1993 WATCOM International Corp. 
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ysis even if its details become known. (The primary reason 
that NSA does not want to release the inner workings of Skip¬ 
jack is probably because they don’t want their secret tech¬ 
niques used to design other high-security algorithms.) 

Cryptographers also have to assume that analysts have 
access to enormous amounts of computing power—more 
computing time than can be optimisticaOy expected during 
the next 100 years or so. In the face of all these conditions, 
the algorithm should still be unbreakable. 

The goal of the conference 
was to propose algorithms 
capable of encrypting data 
at a dozen or so 
clock cycles per byte 

Key Length 

Key length is a poor measure of the security of an algorithm, 
but it's a good place to start. Algorithms witli long keys are 
not necessarily secure, but algorithms with short keys are 
definitely insecure. 

For instance, earlier this year Michael Weiner presented a 
design for a bnite-force DES cracker (see “Efficient DES Key 
Search,” Advances in Cryptology: CRYP7V V3 Proceedings, 
Springer-Verlag, in preparation). He didn’t just do some 
theoretical calculations, but went through the entire design 
process. He designed a custom cracking chip down to the 
gate level and had his in-house fabrication department esti¬ 
mate fabrication costs. He designed a controller lioard, had 
its cost estimated, and designed and priced peripheral hard¬ 
ware (power supplies, racks, and a complete mechanical 
housing). What Weiner determined was tliat with a $1 mil¬ 
lion machine, he could break DES in three-and-a-half hours. 
This is cheap enough to liide in the budget of several dif¬ 
ferent government agencies. Ifs even cheap enough to be 
considered by large corporations or organized-crime .syndi¬ 
cates. (His employer, Bell Northern Research, claims to have 
no interest in building a working model) 

This work has important implications for algorithm design. 
There’s nothing special about DES; die analysis w^ill be sim¬ 
ilar for all algorithms. 56 bits is too small for a key; even 64 
bits is loo small. Even 80 key bits is marginal — only enough 
for short-term security. Any algoridiin proposed today should 
have a key length of at least 128 bits; see Table 2. 

These calculations are based on present-day computers. 
For future projections, plan on computing power doubling 
every 18 months. Each of the above numbers becomes an 
order of magnitude .smaller every five years: A $1 billion ma¬ 
chine that takes 6.7 years to break a key today will take 0.67 
years (8 months) with 1999 tedinology and 0.067 years (24 
days) with 2004 technology. What is secure now might not 
be in 50 years. In light of these calculations, Skipjack's 80- 
bit key seems woefiilly inadequate. 

Key length is also critical for export. Tlie U.S. Government 
does not permit the export of algorithms with key lengths 
greater than 40 bits, (Yes, some exportable algorithms ap¬ 
pear to have longer key lengtlts, but tlie effective key length 
is 40 bits or less,) Various computer-privacy advocates are 
trying to change this. 


Some of the algorithms presented at the Cambridge work¬ 
shop had variable-length keys. This is especially desirable 
because it allows the implementor to define his own level of 
security. If he has to export the algorithm, the implementor 
can set the key length at 40 bits. For low-grade security (in¬ 
formation that only has to remain secret for a few minutes), 
you can use 64 bits. If you need long-term security, you can 
use key lengths of 128 or even 256 bits. 

Variable-length keys were generally constructed during a 
“key-expansion phase” of the algorithm. Generally, there was 
an initial bit of computation required before the algorithm 
could encrypt any data. During this computation, the key 
typed in by the user would be expanded into a large set of 
subkeys used Ibr encryption. DES does this to some degree; 
the 56-bit key is expanded into an array of subkeys totaling 
768 bits. Some algorithms at tlie Cambridge workshop took 
this to an extreme, expanding a key into subkey arrays to¬ 
taling 1 Kbyte of data or even more. 

Differential and Linear Cryptanalysis 

Of course, the trick to algoridim design is to make sure that 
a brute-force attack is the most efficient way of getting die 
key, although for most encryption algorithms, there are other 
ways. These methods, generally very complex and mathe¬ 
matical, involve exploiting the structure of tlie algorithm. 

Differential cryptanalysis and linear cryptanalysis are two 
new attacks that have been successfully used against DES 
and other algorithms. Differential cryptanalysis was invented 
by Biham and Shamir in 1991 (see Dijferenlial Cryptanalysis 
of the Data Encr^tion Standard, by E. Biham and A, Shamir, 
Springer-Verlag, 1993), wliile linear cryptanalysis was invented 
by Micsuru Matsui in 1993 (refer to ‘'Linear Cryptanalysis 
Method for DES,” Advances in Cryptology: CRYPTO '93 Prv- 
ceedingSf Springer-Verlag, in preparation). Differential crypt¬ 
analysis is a chosen-plaintext attack: It looks at differences 
between pairs of plaintexts and corresponding pairs of ci¬ 
phertexts. These differences, along with information about 
the .structure of the underlying algorithm, give an analyst 
clues about tlie key. Collect enough of these differences, and 
you can find the key more efficiently tlian you would with 
brute force. 

Don't get too excited, though. Tlie liest chosen-plaintext 
differential cryptanaly.sis attack against DES has a complexity 
of 2^^. This is better than tlie 2^^ required for brute force, but 
requires on the order of 10 terrabytes of chosen-plaintext 
data. Although interesting, it is still more theoretical than 
practical Tlie best way to attack DES is still brute force. 


Key 

Length 

Time for a $1M 
Machine to Break 

Timefor a $1B 

Machine to Break 

40 bits 

0*2 seconds 

0.0002 seconds 

56 bits 

3.5 hours 

13 seconds 

64 bits 

37 days 

54 minutes 

80 bits 

2000 years 

6.7 years 

100 bits 

7 billion years 

7 million years 

128 bits 

10^® years 

10^^ years 

192 bits 

10^^ years 

10^ years 

256 bits 

1056 years 

10^^ years 


Table 2: Key> length and security in 1994, 


Attack 

Type 

Complexity 

Brute-force 

Known-plaintext 

255 

Differential 

Known-plaintext 

255 

Differential 

Chosen-plaintext 

247 

Linear 

Known-plaintext 

243 


Table 3-' Cr;)ptanalysis of DES. 
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“Ibu asked for a powerful and affordable 
tool to develop client/server applications. That’s 
why 1 developed System Architect 5.0.” 




Developers and projea reams looking 
for a CASE-bascd cool for client/ 
server a|^lication development will find 
the answer in System Architea™ 3.0. 
Tills latest version of the CASE 
pricc/performance leader includes 
the features of expensive tools for a 
fiaaion of the cost. 


System Architect 5.0. 

SA 3.0 simplifies the development of 
client/server applicadons by support¬ 
ing multiple methodologies including 
Information Engineering, Gane & 
Saison, Yourdon, IDEF, OOA&D, 
SSADM IV, Shlaer/MeUor, and 
Ward & MeQor. It also features an 
integrated data repository you can 
customize. And it runs under MS 
Windows® or IBM’s OS/2 PM.® 


Flexibility And 
Functionality. 

The ideal oombinadon of flexibility and func- 
donality has made SA the undisputed 
performance leader. As the needs 
itoosoFT tfovdopeis have chang^, so has the 
WlNDCMi^. scope of SA’s features and options: 

SA Screen Painter: Allows repository- 
based development of GUI screens and menus 
or chaiaaer-based screens. 

SA Object-Oriented VerHon: Supports 
Booch*9l andCoad/Yourdon. 

SA Reverse Data En^neer: Reverse engi¬ 
neers SQL databases, including SQL Server, 
SYBASE, DB2, Informix, and Oracle. 

SA Schema Generator; Generates DDL 
and SQL triggers from entity modek for 
Oracle, Informix, Ingres, PROGRESS, 
Paradox, dBASE III, DB2, SQL Server, 
SYBASE, and other SQL and 4GL databases. 

SA Project Documentation Facility: 
Enables the automatic generation of 

deliverables 
with desk¬ 
top publish¬ 
ing quality 
from SA 
Encydopedia. 

< Paint GUI 
screens fiom 
data in 
repository. 


Choose Your Development 
Environment. 

SA/PowerBuilder Link: Allows the 
exchange of design information between SA 
and PowerBuilder for the development of 
more robust client/server applications. 

SA/SQL Windows Link: Works with 
Gupta’s SQL Windows. 

SA REPOStTORY 1 
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BESuistMENTn AHAIVSII I I tOUJTmiUJOJl 

Architect 3.0 copers your development lifecyeie 
with a complete range of features and opmm. 

Put Your Project Team In 
A Class Of Its Own. 

System Architect 3,0 makes your project team 
more productive with a range of capabilities 
including: 

Network Allows multiple team man- 
bets to work concurrently on a project while 


sharing the SA Repository by locking diagram 
and data dictionary records. 

Network Security: Allows Piojca Manager 
DO uniquely identify and classify personnel with 
appropriate levels of audiorization. 

Aam Controt Allows team members to 
check-out, dieck-in, or freeze encyclopedia 
objects with defined authorization. 

Version Controk Allows projea encyclope¬ 
dias, and their related files, to be saved and stored 
with appropriate version-identifying data, 
(Available in version 3.1) 

Call Us Today At 
800-REAL-CASE, X131. 

To find out how to qualify for your free 
30Hiay evaluation copy, call us today, or fax 
usat212-57U3436. 

SYSTEM 
ARCHITECT 

Fbpkin Softvrare & Systems, Inc., 

11 Parit Place, New York, NY 10007 

Engknd 44-926-881186; SendiK 31-34064)5538; 

Getraany 49-6151-82077; Italy 39-49-8700366; 

Swiiierland 41-61-6922666; Denmark 4H5^23200; 

Australia 61-02-346499: Sweden 4^^-626-8100; 

Ebewhere 1-212-571-3434 


O 1^4 PoptJn Sbftwaie flT Syitrmi. Inc. Thr ArJiiBTct lagg it a- pf Ppplcfn Spftwigrr flT Syitpms. JiK- All orket brund Jinft produce cuuncf are rridemarks pr ce-gifrofed trademarks ofctieiT icipectivc holden. 
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Introducing: 

DYNACE" 

Dynamic C language Extension 

Dynace (pronounced like “dynasty" without the 
“t") is a new object oriented extension to the C 
language. Dynace extends C like C++, however, 
Dynace is easier to learn, has stronger 00 
facilities, is much better suited to the 
development and maintenance of large 
applications and is more portable than C++. 

No preprocessor or C syntax changes - much 
easier to learn than C++ for C programmers! 

^ Compiles with a normal C compiler - not an 
interpreted language - runs fast! 

0" Multiple inheritance, metaclasses, generic 
functions, dynamic binding, automatic garbage 
collection, multiple threads, named pipes, 
counting semaphores, powerful class library!! 

0" Links seamlessly with regular C code - your 
pre-existing C code may still be used - easy to 
incrementally add 00 facilities to your appi 

0" Full, portable C source available - no longer 
be the victim of a proprietary solution I 

0" Prior knowledge of object oriented concepts 
not necessary - manual fully describes all 
concepts - many examples included! 

Introductory pricing: 

Developer edition $ 99,00 
Source edition 499,00 


Dynace has many more features which we don't 
have room to explain. Please call us to receive 
more information, free and at no obligation. 



Algorithms Corporation 
3020 Liberty Hills Drive 
Franklin^ TN 37064 

615-791-1636 Voice (collect) 
615-791-7736 Fax 


© 1993 Ataoritiims Corporation 


(cQnlint4edfrom page 22) 

Linear cryptanalysis is similar to differential cryptanalysis, 
but looks for linear relationships between selected bits of the 
plaintext, ciphertext, and key. Agalast DES, this attack has a 
complexity of 2^^. Even better, it Is a known-plaintext attack. 
Hcfwever, It still requires much too much data to be practical. 

Now that these attacks are known^ there are techniques 
for optimizing encryption algorithms so that they are res is- 
tant to them. Most of the algorithms presented at the work¬ 
shop took these attacks into account during the design pro- 
ceSvS; see Table 3, 

Coscading Multiple Atgorithms 

One way to increase the security of your system is to 
chain multiple algorithms together. For example, first en¬ 
crypt your hie with DES and one key, and tlien with IDEA 
(see ''The IDEA Encryption Algorithm,*" by Bruce Schneier, 
DDJ, December 1993) and another key, iTie result will be 
much stronger than using either of the two algorithms in¬ 
dividually. 

Cascading multiple algorithms might also be the best way 
to negotiate security with atgorithms tliat some people don’t 
trust. If Alice and Bob want to communicate with each oth¬ 
er and don’t trust each other’s algorithms, they can use 
both—first her algorithm, and then his. TMs idea, sug¬ 
gested by Whitfield Diffie, was discussed at the Cambridge 
workshop. 

This sounds good, but there is a problem: Massey and Mau¬ 
rer proved tliat a cascade of multiple ajgorithms is at least as 
strong as the first or, with stream ciphers, at least as strong 
as the best (see “Cascade Ciphers: Ihe Impcirtance of Being 
First” by Maurer and Massey, Journal of Cryptology, 1993). 
The difficulty with proving anything more than this is that a 
bad guy miglit provide you with a first algorithm which twisted 
your plaintext around so as to provide a chosen-plaintext 
attack on the second algorithm which you supplied. 

This applies not just to encryption algorithins, but to any 
process designed by someone else which you incorporate 
into your system. In faci, the widely used CELP code (which 
compresses digital speech to modem .speeds) was designed 
by the NSA, and for all anyone knows it could be acting as 
a ciyptanalyst*s helper in some subtle way. It does seem 
though, that a cascade of algorithms is better than individual 
algorithms, provided that the second and subsequent algo¬ 
rithms are secure against chosen-ciphertext attacks, and pro¬ 
vided all the algorithms’ keys are independent. 

The real benefit of cascading algorithms is in design di- 
versityi it makes the overall system less vulnerable to a crypt- 
analytic attack, Botli triple-DES and IDEA seem secure to¬ 
day, but there is always the possibility that some clever 
mathematician might come up with a good attack against 
one of them tomorrow. Using triple-DES, tlien a fast stream 
cipher such as Wheelefs algorithm, and then IDEA, would 
be immune to new attacks against any one of the three 
algorithms. Successful attacks against all three would be 
required to break the cascaded system. 

Conclusion 

Encryption algorithms are like airplanes. It’s easy to design 
one, but it’s hard to design one that flies. To make matters 
worse, it’s hard to tell if any one of them is any good. The 
only real way to test the security of an algorithm Ls to let 
other programmers try breaking it. But even if the algorithm 
survives years of intense analysis by many different people, 
you can still only hope that it is really secure. 

DDJ 

To vote for yatir f^voriu; anide, dreb jnqukiy no, 1. 
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One source is all you 


The news today is the Wind/U 2,0^ 

Wind/U enables your Microsoft Windows and Visual C-I-+ 
applications to run as native UNIX/Motif applications. 

You can use your Microsoft Windows source base to 
rapidly penetrate the fast growing workstation markeipiace. 

The advantage of Wind/U 
is that the toolkit uses the 
complete set of the Microsoft 
Windows application program' 
ming interface (API) facilities 
under Motif. You only need to 
recompile your Windows 
application in the UNIX environment and link to the 
Wind/U Library. Wind/U maps the Windows function calls 
to Motif and X calls, allowing your Windows application to 
execute as a native Motif application. 


Bristol Technology Inc. 


Wind/U ported applications maintain identical function¬ 
ality between Windows and Motif versions since Wind/U 
provides features such as on-line help, PostScript and PCL 
printing, DDE, MDI, and Common Dialogs. Wind/U 
supports Win 16, Win32s, and the Microsoft Foundation 
Class Library. 

Now you can cost'effectively run your applications on 
Sun, IBM, Hewlett-Packard, and DEC workstations, while 
focusing your programming efforts on the popular Windows 

API. 


For more information call (203)438-6969, email to 
info@bristoLc€m or fax to (203) 438-5013. 
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Bringing the Best of Microsoft Windows to X and Motif 


Wtnd/U is a trademm k iJriAtol Technology Inc. UNIX is a registered titidentirirk of Novell. Microsoft is 3 ncgisterect 
trademark and Windows anil Visual C++ are trademarks of Mitrrosofl Corporation. Motif is a registered Irademark of (he 0[>ert 
Software Rjtindation. All it^ther poxfutiif mentioned herein are iradcmark;i; of ibcir respective owners. 





Cryptography Without 
Exponentiation 


Secure alternatives 
toRSA 


Peter Smith 

W hile not a full-fledged public- 
key cryptosystem, the 1976 
Diffie“I lellman key- negotiation 
technique featured the first 
cryptographic use of modulus expo¬ 
nentiation. Diffie and Heilman's meth¬ 
od, which is used to estai:)lish a secret 
key over an insecure channel, Is still in 
use because the mathematical problem 
on which it is based remains as diffi¬ 
cult today as it was in 1976. In this, 
Diffie and Heilman were also the first 
to base cryptosystems on problems that 
mathematicians have been unable to 
solve. 

In the January 1993 issue of DDJ, I 
presented an alternative to the RSA en¬ 
cryption aigoritJ-im called LUC (see "LUC 
Public-Key Enciyption,” DDJ, January 
1993). As that article suggests, many ci¬ 
phers, including the Hellman-Diffie- 
Merkle key-exchange system and the Ei 
Gamal digital signature, can be rein¬ 
forced by replacing tlie proc'ess of expo¬ 
nentiation witli the process of calculat¬ 
ing Lucas functions. Tills article extends 
LUC with three new cryptosystems; the 
Lucas-flinction El Gamal public-key en¬ 
cryption, the Lucas-function El Gamal 
digital signature, and a Lucas-function- 
based key-negotiation method called 
LUCDIF. 


Feter has worked in Ibe computer in¬ 
dustryfor 16years, and served as deputy 
editor of Asian Computer Montlily. He 
invented LUC in 1991 and founded LU¬ 
CENT to commercialize Lucm-function- 
based cryptography. He can be reached 
at 25 Lawrence Street, Heme Bay, Auck¬ 
land, New Zealand. 


The Algorithms 

The exponentiation ciphers here are all 
based on the mathematical problem 
known as the Discrete Logaritlim (DL). 
Basically, this problem reduces to solv¬ 
ing for X in the equation a^'^b mod c; 
where a, b, and c are integers and their 
values are known. The cipher known 
as El Gamal and its variants were in¬ 
troduced over the course of the 1980s 
and are based on the DL problem. One 
of these, Schnorfs variant of the El 
Gamal digital signarure, was chosen by 
the National institute of Standards and 



Technology as the basis of the Digital 
Signature Standard, 

As suggested in my previous article, 
ciphers Leased on tlie DL problem can be 
implemented using Lucas functions in¬ 
stead of exponentiation. Such imple¬ 
mentations are sometimes not without 
their complications in terms of storage 
and timing overheads, but they can be 
shown to be asymptotiodly as fast. More 
importantly, they are cryptographically 
stronger than their exponentiation-based 
ancestors. It is an open question how 
much stronger the Lucas-function ciphers 
are. Tlie fastest known subexponential¬ 
time algoritlims for attacking the DL can't 
be used against diem, making tliem vul¬ 
nerable only to exponential-time attacks. 


The mathematical problem on which 
the Lucas-funaion ciphers are based is 
analogous to the DL problem, except 
that here the problem is to solve for x 
in the equation Vj^(a,l)=b mod c. This 
problem has the advantage that the 
subexponential algorithms do not ap¬ 
pear to generalize to it, so breaking 
these ciphers is much more expensive. 

Key Negotiation 

The Diffie-Hellman key-negotiation pro¬ 
cess allows two correspondents, Alice 
and Bob, to estabLsh a common cryp¬ 
tographic key between them, even if an 
eavesdropper is listening in on their con¬ 
nection. Tliey both agree on a prime p 
and a primitive root (or generator) a. Us¬ 
ing a secret number A, Alice publishes 
her part of the key, as given by ot^ mod 
p, Similariy, Bob publishes Itis part of the 
key using Ills secret number B, using tlie 
formula mod p. In Alice's case, she 
takes Bob's key and forms (cx®>^ mod p, 
while Bob takes Alice's published key, 
and forms mod p. Since (a^ mod 
p equals mod p equals (a^)^ mod 
p equals some value K, say, then lx>th 
Alice and Bob now have the same key. 
Tills metliod, the first successful, though 
partial, implementation of pulilic-key 
ideas, lets pan of die key be made pubKc, 
The DL problem seems to guarantee 
that an eavesdropper, who has only 
public knowledge and not the secret 
values A and B, cannot fmd K. If p. A, 
and B are large enough (say, over 500 
bits in iength), there is only a small 
chance of guessing the secret values. If 
the key were to be used as a DES key, 
Alice and Bob could agree to take only 
the first 56 bits to K, 

We have called our Lucas-function- 
based key-negotiation method LUCDIF, 
combining LUCas and DIFfie. As with 
LUC, the known multiplicative attacks 
on Diffie-Hellman do not carry over to 
LUCDIF, since it is not multiplicative. 

LUCDIF is quite analogous to Diffie- 
Hellman. Choose the prime p in the 
same way. A value X must be chosen so 
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VERY PORTABLE 



BARELY PALATABLE 



E ver get the feeling that OWL stands for “Outdated Windows Library”? That MFC 
really means “Microsoft Frustration Classes"? If so, toss them out and join the 
thousands of programmers who have discovered a better application framework; zApp. 

In an industry that’s always changing, the future belongs to programs that cart change 
with it. That’s why we’ve developed zApp, the industry leading C++ GUI class library. 
zApp allows you to support all the platforms you need with just one set of source code. 
You simply make calls to zApp classes, without worrying about the platform’s specific 
API, and zApp does the rest. 

zApp is also the most full-featured application framework available. Giving you more 
classes than OWL and MFC combined, zApp sports an unmatched list of capabilities for 
creating first-class applications quickly and easily. That’s one of the reasons why Windou/s 
Teck Journal wrote “zApp is simply the best designed application framework on the market. 
If C++ is your language of choice, then you should be using zApp. Period”. 

Finally, zApp makes programming easier. By providing an intuitive class stnicture and plenty 
of example programs, zApp allows you to produce more code faster, making it ideal for 
C++ programmers of all levels. With over 1200 pages of documentation, including 
extensive tutorials and demos, as well as free technical 
support, you know you’ll never be left hanging. 

So pick up the phone now 
and call 800-346-6275 
and get a glimpse of what 
the future has to offer. 


Unix X/Matif now available for: 
HP HPUX 9.x - IBM Rsyeooo AIX - SCO 
SunOS 4.1 .X - Solaris 2,x ~ Solaris x86 


^ridcws 
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•Scmtce Code Irtcluded 
•No Runtime Royalties 
•Cotnpatibiiity with Most 
Major Compilers 

•Documentation - bicluding over 65 
sample pTograms, tutorials and 880 
page ProgramiiiER Refererice 
•Over 35 Window Classes - including 
application, Dialog, MDl, all Standard 
ConttolSj Common EHalogs, and 
access to custom controls 


•Data Entry Classes ^ irtcluda Text, 
Picture Strings Numeric, Date, Time, 
Radio Group, Oieckbox and List 
Fields 

•Grapiiics classes - including 
Windcjws, Bitmap, Ptinterf Fkjtits, 

Pens, Brushes, Bitmaps, Colors, and 
RcgiOfVS, Printer and Font enumeration 
•Object Persistence - Using a streams 
mterfece, easily store objects and 
other data Eo disk and retrieve them 
•Advanced MDl Support 
•Robust and Efficient 
Memory Management 


> Advanced Message Handling 
* Advanced Debugging Support - traps 
many common ptx>grainming errors - 
includes a powerful assert system 
^D>Titamic Stieta - Sizers provide aut(> 
mated window and graphical objecr 
layout management 
►Advanced Scrolling Cksses 
►Menus - mcluding standard, system, 
and popup 
'Full DDE Support 
■Much, much more 


2065 Landifigs Drive, Mountain View, CA 94043 

Tel: 800-346-6275 or 415-691 -9000 • Fax: 415-691 ’*9099 * BBS: 415-691 -9990 
In the U.K„ call Systemstarat (0992) 500919 • In Germany, call ESM Software at 07022-9256-0 
In Italy, call Sartocomputerat (049) 654221 • CompuServe: GO INMARK* Internet: sales@mmark.conn 
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EXTENDING LUC 



^rom page 26) 
dition in Figure 1(a) is true, 
h a value \s easy. Every val- 
.^as a 50 peR:ent chance of sat¬ 
ing the condition. Now the values 
by mod p and Vn(A,l) 

mod p are published by Mce and Bob, 


(a) mod for all t>1 dividing (p+1) 

(b) V^(P,Q)^V,{V,(P,Q),Q^) Relation 1 

2V^=V„V,+DU„U, Relation 2 


Figure 1: (a) Cboming a value X; 

(b) Lucas-function relations which let 
tis transform exponentiation to Lucas- 
function calculation. 


respectively. Bob takes Alice's number 
and calculates Vj^CV^CX,!)) nicid p. Simh 
larly, Alice calculates V^CV^CX.,!)) vnod p. 

Relation 1 in Figure Kb) shows that 
these two values are the same and that 
Alice and Bob have obtained the same 
key, K^ If p is a prime of over 512 bits, 
then this method of key negotiation is 
very secure. Once again, for a DES key, 
Alice and Bob may decide to select only 
the first 56 bits of K'. 

El Gamol and LUCELG 

The Ei Gamal cipher comes in two parts. 
There is a pttxi^ure for encrypting and 
decrypting and a second procedure for 
signing and verifying a digital signature. 



for C/C++ 

presents Bug # 785 


# inc 1 uds < Btdio. li> 

clause complex 
{ 

public: 

double real, ima?; 

operator double!) { return real + Ltaag; } 

}? 

complex Xf 

int mainn 
{ 

x.real =: 1.0; x.imag ^ 1.0,* 
complex cc[2] = { x, x >; 

printf ( ^ \n‘\ cc[0l.real, cell], real ); 

return 0; 

} 


tftstemt of priflitng 1 1" ax espcf ted, flux pr(>i^ram prmts 0 ". Wl tv ? 
Cal! if yon need a hint. Refer to Butt 117H5. 


PC-linl Ihr dil+-+ will catch this and many 
other hugs. It will analyze a mixed suite of C 
and C-H- modules to uncover bugs, glilches. 
quirks ami mconsislencies. 

Numerous C++Warnings and Messages: 
Are your inherited destructors virtual? Are 
your consimctor new's matched by your 
destRictor delete's? Are your initializers 
in order? Are nmiics inadvertently hiding 
other tiames? Are your C++ modules 
consisfertt with your C modules? Much, 
much, more. 

Plus Our Traditional C Warnings: 

Uninitialized variables, unaccessed variable's, 
possibly uninitialized variables, strong type 
mismatches, indentation imegularitie^s, loss of 
precision, strange uses of Booleans, 
signed/unsigned mismatches, suspicious 
expressions, unused macros, etc, etc. 


Full { ?++ Supp(»rt - PC-1 int for C/C++ 
i.s based on the ARM and is tracking the 
latest ANSI/]SO draft including exceptions 
and templates. It supports both Btjrland and 
Microsofl C/C++, 

Options Galore: A pleihora of options Ibr 
message suppression, message fomial, 
compiler dependencies, etc. All messages 
can be individually suppressed or enabled, 
b(Hh kxally and globidly. Numerous 
compilers/libraries supported. Runs on 
MS“D<^S {Optional huilt-in 386 DOS 
extender) arid OS/2, 

PC-Untfor C $139 
PC-lifit for C/C++ $239 

PC'-iint users: call for update pricing 
Unix and Mainframe programmers: 
call for pricing for FlexcLint. 


6 limp©l S@filwam 

3207 Hogarth Lane, Collegevihe, PA 19426 

CALL TODAY (610)584-4261 Or FAX (610)584-4266 

30 Day Money-back Guarantee. 

PA ,uhl Siller (rtJt. PC-Sint and FIcxcrLinl uic irjdcmarbi of Gimpel Sort ware 


For encryption, assume Alice wants to 
send a rr^ssage M to Bob using his pub¬ 
lic key y which is equal to ot^ mod p (x 
is Bob’s private key). Alice first finds a 
secret number k, which is greater than 
zero and less than p, and calculates L 
using mod p. Two other values 
are then worked out: c^=af mod p, and 
c^LM mod p, These two values, Cj and 
c^ make up the cryptogfam which Al¬ 
ice sends to Bob. 

Schnorr's variant of 
the El Gamal digital 
signature was 
chosen as the basis 
of the Digital 
Signature Standard 


For decryption. Bob first calculates L 
using the fact that L=Ca'')^=(c^)’^, since 
only he knows the value of his secret 
key X. Having found L, Bob calculates 
its multiplicative inverse (L“0, and mul¬ 
tiplies this by c^, recovering M; M = 
mod p. 

The Lucas-function version of El 
Gamal public-key encryption and de¬ 
cryption follows a path similar to that 
of El Gamal public-key encryption/ 
decryption. Bob's public key, in this 
case, is mod p. A secret value k 

is also necessary here, and we first cal¬ 
culate G. When encrypting, G=V^^(y,l) 
mod p. The two halves of the cryp- 
togram are tlien computed: dj^Vj^C^d) 
mod p, and d 2 ^GM mod p. 

In the decryption case. Bob deciphers 
the cryptogram by solving for G; G^ 
mod p. The inultiplicative in¬ 
verse of G can be calculated, modulo 
p, u,sing the extended Euclidean algo¬ 
rithm (see Knuth), and the message is 
recovered by M^d^CG”*) mod p. Figure 
2 provides an example. 

Note tliat liie LUCELG cryptogram is 
twice llie size it would be in LUC. Both 
d^ and almost always have the same 
number of digits as the modulus, so the 
combined cryptogram will have a length 
of alx>ut twice that of p. Tliis is also the 
case with the exponentiation version. 

Digital Signature 

The El Gamal digital signature is more 
cumbersome to convert from exponen¬ 
tiation to Lucas functions than is El 
Gamal public-key encryption/decryp¬ 
tion, However, observing that Lucas 
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With our Object Database, 
All the Pieces Come Togethe 




Introductory 

Offer 


L Smoothly. Easily. Tliat’s the 

1 ^ 29 ^^ I the Object- 

T I Oriented Database System for 

C++. It’s simply a more effi¬ 
cient way to work, and yields 
finished applications that 
outperform relational applica¬ 
tions in both productivity and performance. 

What’s the secret of Object Oriented Database 
programming? The POET ODBMS works with a one- 
step approach, seamlessly integrating into your appli¬ 
cation by storing your C++ objects in the database. By 
contrast, the relational approach forces you to design 
and maintain separate application and database mod¬ 
els and then write lots of code to tie them together. 

So POET is more direct. More logical. And far more 
productive, 


Compare POET 
with the relational 
design methodology 
you’re using now. 
For a limited time, 
you can get the 


Comparing Object Oriented and 
Relational Design Methodologies 


pi.itfT ODBMS 

ftpUri.mal RDBMS 
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Ct+ InipjtrutiDitt 
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POET Personal EtJition 2.1 for Windows for just 
$299*. Or, call toll free to request a revealing white 
paper that compares the two methodologies and 
includes testimonials from key POET installed 
clients. You’ll find that POET is the solution to your 
application design puzzles. 

Call 1-800-950-8845 

POET 

Software 


introJiiccory offer is j^oixl throuj’h March .H I, 1994 . tPOET apphcatiom an: at source dniJ dutahase level atross all tliese popular pladcrms: 

Winikiws, OSi/2, Macintcsh, Windcws NT, UNIX (Sun. Silicon Graphlci, IBM), ND(TSTEP +S6 and Novel] fNLM) 

POET Softw^ire Co. 4633 Old Trr,™.dcH Dr., Suite 1 tO, Santa Chra, CA 950.54 TH.: (406J 970-4640 FAX; (403) 970'4630 
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EXTENDING lUC 


W om page 28) 

^ e formulas for muldplying 

j subscripts —see Figure 

can construct an El Gamal- 
^ since El Gamal’s manipyla- 
tion of exponents can be converted to 


the manipulation of Lucas-function sub¬ 
scripts. The formula for the addition of 
subscripts (Relation 2) involves the Lu¬ 
cas (Ujl “'sister'' .series. Subsequently, our 
Lucas-funaion alternative to El Gamal 
involves the doubling of the public-key 


size (two Lucas function values, U and 
V, must be given), as well as increasing 
the size of the signature, because two 
‘V CU and V) values are necessary, 

The variant of El Gamal chosen as the 
Digital Signature Standard can be con¬ 
verted in a similar manner. In both cases, 
we produce dpheis apparently based on 
a problem for which there is no known 
subexponential-tin^ attack; hence, they 
are stronger than their prototypes. 

The calculation of the ^th Lucas func¬ 
tion can be done in OCIog??) operations, 
which is the same order as the computa¬ 
tion of similar exponentials. Heuristic’s to 
speed up modular exponentiation can 
be brou^i over to the calcailation of Lu¬ 
cas functions, if in more complicated 
Ibmi (witness the formula tor adding sub¬ 
scripts). Tliese new cipher can be as- 
.sured of having performance character¬ 
istics similar to those of tiieir progenitors. 

Conclusion 

For the same level of security, these 
Lucas-Function-based ciphers can be 
used with a shorter modulus tlian the 
exponeniiation ciphers. For a 512-bit 
mt^ulus, the reduction is about one fifth, 
down to 420 bits, for equivalent crypto¬ 
graphic strengtli. Tliis reduction increases 
in size as the modulus grows longer. 
I'hat only exponential-time attacks are 
possible on the Lucas-function version 
of tlie DL problem ensures attempts to 
solve it are increasingly more expensive 
than die sul>exponenlial-time attacks 
possible on the DL itself. We have ap¬ 
plied for patents on these algorithms. 

Finally, LUC Encry'ption Technology 
Ltd. (LUCENT), has lieen incorporated 
to licease and support cryptographic sys¬ 
tems based on Lucas functions. For more 
information, contact Horace R. Moore, 
101 E. Bonita, Sierra Madre, CA 91024, 
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Let the prime p be 908797. Choose k=1949, x:^2089, y=694501 and 111. 

G=V,,Cy,1) mod p=V 19^(894501,1) mod 908797=788038. 
d,=v^,(y,1) mod mod 908797=307718. 

d^M mod P=788038.1111 mod 908797=338707. 

The cryptogram is the pair (di.d2)=(307718, 338707). 

The receiver, who knows that the secret key is 2089, first calculates: 


G=\{d,A} mod p^\t^{3077^B.1)=7B3O3a 
M^2(G-‘')=338707.518288=1111 


The inverse of this Is 518288. 
The original message. 


Figure 2: Example of LUCELG, 
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Security Clearance: 

The distance between you and the floor 
after you learn how easy it is to use RSA. 





Developine applications with advanced encryption and authentiation features doesn't 
have to be a neadache. In fact, once you see how easy it is to work with the world’s most 
trusted data security system, you might find yourself downright gleeful. 

With ESAFE'" 2.0 or TIPEM'" 1.1, the latest releases of the world's best-selling ciypto software 
developer’s kits, you’ll have everything you need to build secure applications. Tne one tiring 
you won’t need is a Ph.D. in nunrlrer theory or cryptography. Both toolkits make using the 
patented RSA Public Key Cryptosystem (and a host of other algorithms) easy. 

More importantly, your developers have the full support of RSA’s staff of 

s. You’ll have 



the industry’ 
behind other ESAFE 


Call RSA at 415.595.8782. It could mean the cRfference between kicking up your heels or just kicking yourself. 

RSA. Because some things are better left unread. 


RSA 


PRIVACY AND 
AUTHENTICATION 


Object code versions of RSA toolkits are available for a 


toolkits are available for a variety of popular platforms, and source code licensing is also available. Coniaa RSA for details. 
©1993, RSA Data Security, Inc., 100 Marine Park^^ay, Suite 500, Redwood City, CA 94065-1031 
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SHA: The Secure 
Hash Algorithm 


Putting message digests 
to work 


William Stallings 


A n es.senttal element of most au- 
thenticatic^n and digital’signature 
schemes is a hash algorithm. A 
hash function accepts a variable^ 
size message M as input and produces 
a fixed'size tag HCM), sometimes called 
a “message digest/’ as output (see 
^‘One-Way Hash Functions,” by Bruce 
Schneier, DDJ, September 1991). Typ' 
ically, a hash code Is generated for a 
message, encrypted, and sent with the 
message. Ilie receiver computes a new 
hash code for the incoming niessage, 
decrypts the hash code that accompa¬ 
nies the message, and compares them. 
If die message has been altered in tnm- 
sic, there will he a mismatch. 

The Secure Hash Algorithm (SHA) 
was developed by the National tnsti' 
lute of Standards and Technology 
(NIST) and published as a federal 
infomiiition-processing standard (FIPS 
PUB 180) in 1993. SHA is based on 
the MD^ algorithm, developed by Ron 
Kivest of MIT, and its design closely 
models MT>4, SHA is used as pan of 
the new Digital Signature Standard 
from NIST, but it can be used in any 
security application that requires a 
hash code. 


William is an mdepeptdent ctmsultant 
and president of Comp-Comm Comuit- 
ing ofBreimten MA. This ariicle is based 
on material in bis forthcoming hook, 
Network and Internetwork Security 
(Macmillan, dueJune 1994), He can 
reached at stallings@acm.org. 


SHA logic 

SHA takes as input a message with a 
maximum length of less than 2^ bits 
and produces as output a 160- bit mes¬ 
sage digest. The input is processed in 
512-bit blocks. Figure 1 shows the over¬ 
all processing of a message to produce 
a digest. Tlie processing consists of the 
following steps: 


Step 1: Append padding bits. The 

message is padded so that its length is 
congruent to 448 mcxJulo 512. Padding 



is always added, even if the message is 
already of the desired length. Thus, die 
number of padding hits is in the range 
of 1 to 512. The padding coasists of a 
single 1 bit followed by the necessary 
number of 0 bits. 

Step 2: Append Length. A blcK^k of 
64 bits is appended to tlie message. TTiis 
block is treated as an unsigned 64-bit 
integer and contains the lengtli of the 
original message (l^elbre the padding). 

The outcome of the first two steps 
yields a message that is an integer mul¬ 
tiple of 512 bits in lengdi. The figure 
reprej^ts the expanded message as the 
sequence of 512 - bit blocks Yq, 
so that the total length of the expand¬ 
ed message is Lx 512 bits. Equivalently, 


the result is a multiple of 16 32-bit 
words. Let M[0...N-1] denote the words 
of the resulting message, with N being 
an integer muitiple of 16. Tlius N=Lxl6. 

Step 3: Initialize MD buffer, A 160- 
bit buffer is used to hold intermediate 
and final results of the hash function. 
The buffer can lie represented as five 
32-bit registers (A,B,C,D,E). These reg¬ 
isters are initialized to the following 
liexadecimal values (high-order octets 
first): 

A-67452301 
B-EFCDAB89 
C=98BADCFE 
n-10325476 
E=C3D2E1F0 

Step 4; Process message in 512-bit 
(l6-word) blociis. The heart of the 
algorithm is a module that consists of 
BO steps of processing; diis module is 
labeled llsm Figure 1, and its logic 
is illustrated in Figure 2. The 80 steps 
have a similar structure. 

Note that each round takes as input 
the current 512-bit block being pro¬ 
cessed ( Yq) and the l60-bit buffer 
value ABCDE, and updates the con¬ 
tents of the buffer. Each round also 
makes use of an additive constant K^. 
Only four distinct constants are used. 
The values, in hexadecimal, are shown 
in Figure 3. 

Overall, for block Y^^, the algorithm 
takes Y^^ and an intermediate digest val¬ 
ue MD^ as inputs, MDq is placed into 
buffer ABCDE. The output of the 80th 
step is added to MDq to produce MDq+i. 
The addition is done independently for 
each of the five words in the buffer with 
each of the corresponding words in 
MDq, using addition modulo 2^^. 

Step 5: Output. After all L 512-bit 
blocks have been processed, the output 
from the Ltb stage Ls the l60-bit mes¬ 
sage digest. 

In the logic of each round, each 
round is of the form: 
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applications. 
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wilh new solutions to today's fast- 
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SQL connectiviiy, you can access data 
on SQL database servers just as if it 
were in local PC tables. 


interBase: The most advanced 
RDBMS fnr npsizing 

Paradox connects to Borland TnlerBase" 
3.3, which gives you advanced features 
that put you ahead of the competition. 
Paradox also connects easily to other 
popular database servers. 



InterBase includes a powerful 
versioning engine to make your PC 
applications incredibly fast, even 
in a mixed read/write environment. 



InterBase installs easily with 
a single command and tunes itself 
dynamically to the amount of 
disk and shared memory. Once iPs 
installed, you can immediately use the 
Paradox SQLTooIs included in your 
Development Edition to create and 
manage database tables with familiar 
Windows tools. IPs an unbeatable 
combination. 

Borland; Training and support 
that gat you up to spend 

Whetlier you're in the evaluation 
stage—or building a full solution 
today ^—Borland makes it fast and easy 
to get on-ihe-spot technical support, 
with a full range of service options 
and annual contracts tailored to your 
special needs. 


And with Borland's atiiomaHc 
software and documentation mainte¬ 
nance,* you're ensured product updates 
and upgrades for one year, the minute 
IheyVe ready! Get Paradox today. It's 
the fastest way to client/server. 


^90-day, money-back guarantee^! 
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SHA 


(continued from page 32 ) 

A3,C,D,E^[CLS5(A)+f,(B,C,D)+E+ 
W^+KJ,A, CLS3/B),C,D 

where A3,C,D,E=the five words of the 
buffer; t=round, or step, numter; 0< 
t<79; primitive logical function; 
CLSs=circular left shift (rotation) of the 
3 2-bit argument by s bits; W^=a 3 2-bit 
word derived from the current 512*bit 
input block; and Kf=an additive con¬ 
stant. Four distinct values are used, and 
+ = addition modulo 2^^. 

Each primitive function takes three 
32-bit words as input and produces a 
32-bit word output. Each function per¬ 
forms a set of bitwise* logical operations; 
that is, the nth bit of the output is a ftinc- 
tion of the nib bit of the three inputs. 
The lunaions are in Table 1. As you can 
see, only three different funaions are 
used. For 0<t<]9, the function is the 
conditional function; If B then C el^e D. 
For20<t<39 and 60<t<79j the function 
produces a parity bit. For 40^t<5 9, die 
function is True if two or three of the 
arguments are True. 

It remains to indicate how the 32-bit 
word values, are derived from the 
512-bit message. Tlie first l6 values of 
Wc are taken directly from the 16 words 
of the current block. Hie remaining val¬ 
ues are defined as; 


rounds, the input consists of tlie XOR 
of a nunter of the words from the mes¬ 
sage block. 

SHA can be summarized as; 

MDo=IV 

MD„^i=SUM32(MD , ABODE ) 

where 1V=initial value of the ABODE 
buffer, defined in Step 3; ABCDEq=the 
output of the last round of processing 

SHA is used as part 
of the new Digital 
Signature Standard 
from NIST but can 
be used in any 
security application 
that requires a 
hash code 


Thus, in the first 16 rounds of pro¬ 
cessing, the input from the message 
block consists of a single 32-bit word 
from that block. For the remaining 64 


of the q//? message bkxik; L= the num¬ 
ber of blocks in the message (including 
padding and length fields); SUM 32 = ad¬ 
dition modulo 252 performed separate¬ 
ly on each word of tire pair of inputs; 
and MD=final message-digest value. 


Lx512bits=Nx32 tilts- 
— K bits {<2^ bits) — 


Message 




*512 bits ■ 


- 512 bits - 


- 512 bite - 


ABODE 


Padding Ms$sags 
(l-STEbitsl Lenglh{K) 


100...0 


/ 


' 512 bits ■ 



leO'bit 

digest 


SHA Security 

SHA has the property tliat every bit of 
the hash code is a function of every bit 
in the input, 'fhe complex repetition of 
the basic function produces well- 
mixed results; that is, it is urdikeiy that 
two messages chosen at random, even 
if they exhibit similar regularities, will 
have the same hash code. Unless there 
is sorre hidden weakness in SHA, which 
has not so far been published, the dif¬ 
ficulty of coming up with two messages 
having the same message digest is on 
the order of 2®^^ operations, while the 
difficulty of finding a message with 
a given digest is on the order of 2^^ 
operations. 


DDJ 


To vote for your favorite article, cirde inquiry no. 3. 
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Figure 2: We logic of the module 
addition (+) is mod 2^. 

0^t<19 

20<t<39 

40<t<59 

60<t<79 

K,=5A827999 

K,=6ED9EBA1 

K,=aF1BBCDC 

K,=CA62C1D6 

Figure Hexadecimal values of the 
four comtants. 

Round 


(0<t<19) 

(20<tS39) 

(40£tS59) 

(60<t<79) 

(B.C)v(B.D) 

B©C©D 

(B-CMB-D)v(C-D) 

BeCffiD 


Figure 1: Overall processing of a message to produce a digest. 
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Master tlie art of multi-platform GUIs* 

XVT Sofmre is the leading choice of world-class 
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to building qualit)' applications that pon to every GUI 
without compromises in look-and-feel or performance. 

Plus, its easier to learn and use than native toolkits, so your 
time and effort goes into your application, not your GUIs. 

XVT givas you simultaneous original GUIs. 

Because XVT uses native GUI objects, your application 
is indistinguishable from one writteu directly to the nadve 
toolkit. Through our layered aichiieciuref you achieve 
equivalent ao^-platform functionality appropriate to each 
GUI, without the overhead and inflexibility of proprietary 
euiukiion-basedsy’stems. 

XVT puts cemplete G/C^+ 
snlutions at yeur Gngertips. 

XVT Development Solutions for C include an 
Interactive Design Tool. Solutions for Cf+ include an 
object-oriented application framework. Both include the 
XVT Portability Toolkit, 

\Mien combined mh in-depth consulting, training 
and suppn, plus a wide range of Fanners products, XVT 
[onus the most comprehensive and advanced solution 
for developing completely portable GUI applications, 


Develoiiers judge XVT la be a masterpiece. ^ 

XVT IS the base document for the fEEE's GUT ^ 
standardization elfon. Our thousands of customers include 
internal and commercial developers like: Alcoa, Amoco, 
AT&T, Avis, Ford, General Motors, Grammatik/Reference 
Software, Kodak, Lockheed, NCR, NEC, NIST, Novell, 
Rockw^ell, Siemens, Sony, Southwestern Bell, Tandem, 
Uniplex, Unisys, US Army and US West. 


< OP€N LOOK 


SOFTWARE [NC 
The portable GUI development solution. 

XVT Software Inc. 4900 Pearl East Cir. Boulder, CO 80301 
(303)443-4213 FAX (303) 443-{}%9 
For European inr[iiiriea, comaei: Precision Sotiware GmbH 
Phone; 49061OM 940 Fax: 49 0 610356 95 3 
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If you're building a new 
generation of mission- 
critical applications, 
you need a tool with 
the power and scala¬ 
bility to span depart¬ 
ments, divisions—the 
entire enterprise. Only 
one tool can help you 
do it all, because only 
one tool has it all— 
the Galaxy Applica¬ 
tion Environment® 
from Visix. 
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establishes new standards for power, 
stability, and completeness—it 

dramatically reduces the cost 
of developing, enhancing, and 
maintaining high-performance 
distributed applications. 
Your entire Galaxy 
application can easily 
be moved to UNIX, 
Macintosh, Windows, 
Windows NT, OS/2, 
and Open VMS without 
changing a single line 
of code. 


ITS ALL IN THE 


A New Architectural Standard 

If you want to build it once and build it right, 
then choose your development tool based on 
what's built-in from the start, not what's bolted- 
on later. Galaxy is the only application devel¬ 
opment environment designed specifically for 
building the next generation of large-scale 
corporate applications. 


—UNtX Hevfeiv 

The Galaxy architecture frees you to concentrate 
on building portable best-of-breed applications, 
instead of mastering endless operating system, 
window system, and networking details for each 
platform. The fully object-oriented Galaxy API 


"An unbelievable 
product!" 



A Complete Solution 

In a marketplace crowded with partial solutions 
such as GUI builders and class libraries, Galaxy 
stands apart from the pack by delivering a com¬ 
plete multiplatform development environment. 
Galaxy specifically targets the needs of high-end 
professional developers by assembling a compre¬ 
hensive set of innovative tools, libraries, and 
runtime services into one cohesive development 



tibject-mcmeditriMtecwre ojfm mtpmrdmted API ditpth and breadth 
to iibtnue Cmd C+ + devthpmfrom thteormrainu ofplatjorm-tpecific toolkits. 


VISIX 













































































Only Galaxy offers the high-endsotutmiyou need to httild mistion-ctiticai 
applicatiom that senle aerou departments, divm&m—the global enterprise^ 

environment. Of course, Galaxy delivers a 
world-class GUI builder. But, Galaxy goes far 
beyond simple GUI buUders to deliver a rich 
set of platform-independent abstractions— 


Our Pain is Your Gain 

In building Galaxy, we learned first-hand that 
"bolt-ons" don't work. Over the past seven years, 
we've poured hundreds of engineer-years into 
designing and re-designing Galaxy to ensure that 
your Galaxy applications will be limited only by 
your imagination. The result: Galaxy now stands 
at over 1.5 million lines of efficient, stable code. 
Yet, Galaxy programs are typically smaller and 
faster than those built using native toolkits. 
Unbelievable? Ask the editors of C/N7X Review, 
or better yet, ask Galaxy customers. Galaxy's 
architecture has proven itself in hundreds of real 
world environments. 


ARCHITECTURE 



The ptmarfid Galaxy architecture fnobles you to bring your misshn-crifkal 
appHcamm in m-time and under^budget. 

file management, networking, memory manage¬ 
ment, and distributed services—^to handle the 
other 50% of your project. For example, the built- 
in Galaxy Distributed Application Services” com¬ 
ponent provides you with the most advanced 
network development envirorunent available, 
supporting both heterogeneous client-server and 
peer-to-peer architectures. 


Field-proven 

From Wall Street to Silicon Valley, Galaxy has 
exceeded the expectations of even the most 
demanding developers and won the praises of 
computer industry editors and analysts. Hundreds 
of leading corporations and major ISVs have 
adopted Galaxy—J.P. Morgan, Unify, IBM, 
Hewlett-Packard, LEGENT, Xerox, and many 
others are using Galaxy today to build their 
mission-critical applications. 

Get tKe Kit 

See for yourself. We'll send you 
everything you need to know to 
begin exploring Galaxy, including 
industry analysis, seminar informa¬ 
tion, and an in-depth technical overview. Call us 
at 800.832.8668 or 703.758.8230 today. Or, if you 
prefer, send your request by fax to 703.758.0233 
or via email to gaIaxy@visix,com. 

A 3C Y 

Environment® 



AHEAD 



ViBiK Software Inc. 8OO.032.8«6a/toll free 703.7S8.8230/|PhDne 7D3.758.8233/fac9imile galanv^vieix.ccni/email 
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The Blowfish 
Encryption Algorithm 


A fast, new algorithm 
for 32-bit CPUs 


Bruce Schneier 


B lowfiish ia a block-encryptir^n algo¬ 
rithm designed to be fast (it en¬ 
crypts data on laige 32-bit micro¬ 
processors at a rate of 26 clock 
cycles per byte), compact (it can mn in 
less than 5K of memory), simple (the 
only operations it uses are addition, 
XOR, and table lookup on 32-bit oper¬ 
ands), secure (BlowfislVs key length is 
variable and can as long as 448 bits), 
and robust (unlike DES, BlowfistVs 
security is not diminished by simple pro¬ 
gramming erroi’s). 

The Blowfish block-cipher algorithm, 
which encrypts data one 6^bit block 
at a time, is divided into key-expan¬ 
sion and a data-encryption paits. Key 
expansion convens a key of at riiost 
448 bits into several subkey arrays to¬ 
taling 4168 bytes. Data enciyption con¬ 
sists of a simple function iterated 16 
times. Each iteration, called a 'Vound,” 
consists of a key-dependent permuta¬ 
tion and a key- and data-dependent 
su Institution. 

Subkeys 

Blowfish uses a large number of sub¬ 
keys that must be precomputed before 
any data encryption or decryption. The 
P-array consists of 18 32-bit subkeys, 
Pj, P 2 -. Fi^, and there are four 32-bit S- 


Bruce Ls the author p/Appljed Cryptog¬ 
raphy: Protcxrcnls, Algorithms, and Source 
Code in C { John Wiley^ 19^)- This ar¬ 
ticle is based on a paper he presented at 
the Cambridge Algorithms Conference. 
Bmce can be contacted at scbrteier® 
chinet.com. 


boxes witli 256 entries each: Sj q, 

^1,255’ ^2, us ^2,1'■'^2,2S5l ^3,0^ ^3,1’ ' 

S4Q, S4^...84 255 - 

Encryption 

Blowfish is a Feistel network consisting 
of 16 rounds; see Figure 1. The input is 
a 64-bit data element, x. Divide x into 
two 32-bit halves: x, and x^. Then, for 
i=l to l6: 


Xl^Xj XOR Pj 
x^^=F(Xl) XOR 
Swap Xl and Xj^ 



After the sixteenth ileraliun, swap 
and to undo the last swap. Then 

^^17 ^ 18 ’ 

nally, recombine Xl and to get the 
ciphertext. 

Function F looks like this; Divide Xl 
into four eight-bit quarters; a, b, c, and 
d. 232)X0R S 3 P+ 

mod 2^^; see Figure 2. 

Decryption is exactly the same as en¬ 
cryption, except that Pp P 2 -- PlH are 
used in the reverse order. 

Implementations of Blowfish that re¬ 
quire the fastest speeds should unroll 
the loop and ensure that all subkeys 
are stored in cache. For the purposes 
of illustration, Tve implemented Blow¬ 
fish in C; Listing One (page 98) is 


blowfish.h, and Listing Two (page 98) 
is blowfish.c, A required data file is 
available electronically; see "Availabili- 
tyd page 3^ 

Generating tbe Subkeys 

The subkeys are calculated using the 
Blowfish algoritlim, as follows: 

1. Initiali 2 e first the P-array and then the 
four S-boxes, in order, with a fixed 
random string. Tliis string consists of 
the hexadecimal digits of it, 

2. XOR Pi with the first 32 bits of the 
key, XOR with the second 32 bits 
of the key, and so on for all bits of 
the key (up to P^j^). Cycle through 
die key bits repeatedly until die en¬ 
tire P-array has l>een XORed. 

3. Encrypt the all-zero string with the 
Bkjwfish algoridim, using the subkeys 
described in steps ^1 and 

4. Replace P^ and P 2 ^ith the output of 
step ^5^3^ 

5. Encrypt the all-zero string using the 
Blowfish algoridim with die modified 
subkeys. 

6 . Replace P, and P 4 with the output of 
step #4. 

7. Continue die prfx:eSvS, replacing all ef 
emenLs of the P-array and then all 
four S^boxes in order, with the out¬ 
put of the continuously changing 
Blowfish algorithm. 

In total, 521 iterations are required 
to generate all required subkeys. 
Applications can store the subkeys 
rather than re-executing tliis derivation 
process. 

Design Decisions 

ITie underlying philosophy l:>ehind Bbw- 
fish Ls that simpFcity of design yields an 
algorithm that is easier both to under¬ 
stand and to implement. HopeRiUy, the 
use of a streamlined Feistel network (the 
same structure used in DES, IDEA, and 
many other algorithms), a simple S-box 
sulistitudon, and a simple P-box substi¬ 
tution, will minimize design flaws. 
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Write It Once. 



Wintk>ws 


Sell It Everywhere. 





SFARC Classic 


HF715/33 


IBM 230 


SGI Indigo 


Interested in increasing your 
potential market by or Tnore? 
'Hien take a close look at MainWiti 
teclinology. 



CompGsU Code mid Libmtyi benchmarks^, 
Contact MainSoJ}forfuU details. 


Far l^eyond die usual porting 
strategies^ MainWin teclinology gives 
you a completely new and revolu¬ 
tionary cross-development paradigm. 
Built around a robust WindoWuS API 
compatible library for UNIX, MainWin 
lets you leverage the Windows code 
base you liave now into the UNIX 
workstation market. Not only that, in 
the future, MainWin will save you 
time, ti ouble and money by letting 
you create software products for both 
markets from a single code base. 

And talk about performance, 
MainWin technology actually 
recompiles your Windows 3-1 code 
(written in C or C++ — including 
MFC support) to run as native code 
in whatever enviionmeot you’ve 
targeted. So your new UNIX applica¬ 
tions take full advantage of their new 
RISC-based environments. 



To find out more, call MainSofl 
at 1-800-MAINWIN. And see how 
MainWin technology can open up 
profitable opportunities for you 
everywhere. 



883 N. Shoreline Blvd. 

Suite C-100 

Mountain View, CA 94043 


© 1993 MalnSoft Corporation. MainWin is a iratJemark of MainSofL Coqiantiiun. All other product names are uademarks or registered Eradernarks of their respective companies. 
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BLOWFISH 



Figure 1: Blowfish a Feisiei netmjrk 
comistmg of 16 mttnds. 


For details about the design decisions 
affecting the security of Blowfish, see 
“Requirements for a New Encryption 
Algorithm" (by B. Schneier and N. 
Fergusen) and “Description of a New 
Variable-Length Key, 64-Bit Block Ci¬ 
pher (BIcwfLsh)" (by B. Sclineier), botli 
to be included in Fast Software En¬ 
cryption, to be published by Springer- 
Verlag later this year as part of their 
Lecture Notes on Computer Science se¬ 
ries. The algorithm is designed to be 
very fast on 32-bit microprocessors. 
Operations are all based on a 32-bit 
word and are one-instruction XORs, 
ADDS, and MOVs. There are no 
branches (assuming you unravel the 



Figure 2: Blowfish function F, 


main loop). The subkey arrays and the 
instmcdons can fit in the on-chip caches 
of both the Pentium and the PowerPC. 
Furthermore, the algoritlim is designed 
to be resistant to poor implementation 
and programmer errors. 

Lm considering several simplifications 
to the algorithm, including fewer and 
smaller S-lioxes, fewer rounds, and on- 
tlie-fly subkey C'aloilation. 

Conclusions 

At tliis early stage, I don't recommend 
implementing Blowfish in security sys¬ 
tems. More analysis is needed. I con¬ 
jecture that the most efficient way to 
break Blow^Rsh is tlirt)ugh exhaustive 
search of the keyspace, I encourage all 
cryptanalytic attacks, modifieations, and 
improvements to die algorithm. 

I Icpwever, remember one of the basic 
rules of cryptography: The inventor of 
an algorithm is the worst person to 
judge its security. I am publishing the 
details of Blowfish so that others may 
have a chance to analyze it. 

Blowfish is unpatented and will re¬ 
main so in all countries. The algorithm 
is hereby placed in the public domain 
and can be freely used by anyone. 

DDJ 

(Listings begin on page 98*) 

To voto for yoof fiwxHitc aniUt. didt; inquiry no, 


DDJ's Blowfish Cryptanalysis Contest 


T he only way to inspire confidence 
in a cryptographic algorithm is to 
let people analyze it. It is in this 
spirit \hiii DDJ is pleased to announce 
die Blowdish Cryptinalysis Contest, our 
third reader contest in recent years. 

WeTl lilte you to ciyptanalyze Bruce 
Schneier's Biowfish algorithm pre¬ 
sented in this issue. Give it your i>est 
shot. Break it, beat on it, ciyptanalyze 
it. 'Hie best attack received by April 1, 
1995 wins the contest. 

The contest rules are simple. Ids 
open to any individual or organization. 
Governments are encouraged to enter. 
Even the NS A can compete and win 
the prize (their budget Lsn’t what it 
used to be; they can probably use the 
money). But since we will publish the 
results, classified entries wall not be 
permitted. To officially enter the con¬ 
test, your entry must be accompanied 
by a completed and signed entry forni. 
These are available electronically (see 
“Availability," page 3) or well l:ie glad 
to mail or fax you a hardcopy. 


WeVe not going to publish messages 
encrypted in Blowfish and some ran¬ 
dom key, because we tliink dial would 
lie too difficult. 

Partial results — those attacks that 
don't break the algoritlim but instead 
prcjve tliat it isn't as strong as we thtxight 
it was— are just as useful and am be 
entered. 

Your entry does not have to consist 
of code. Instead, your entry can be a 
paper describing the attack. The at¬ 
tack does nor have to completely 
break the 1-ilowfish algorithm, it can 
simply he more efficient than a brute- 
force attack. Tlie attack can be against 
either tiie complete tilgorithm or a sim¬ 
plified version of the algorithm (few¬ 
er rounds, smaller block size, simpler 
S-boxes, and the like). 

We’il select a winner based on tiie 
following criteria: 

• Success of the attack. How much 
more efficient is die attack dian brute 
force? 


• Type of attack. Is it ciphertext only, 
known plaintext, or chosen plaintext^ 

• Type of algorithm. Is the attack 
against foil Blowtlsh or a simplified 
version of the algorithm? 

Bruce Schneier, frequent DQ) con¬ 
tributor, au thor of Applied Cryptogra¬ 
phy, and inventor of die Blowfish al¬ 
gorithm will referee the contest. 

Tlie contest results will be published 
in the September 1995 issue of Dr 
Dobb'sjournaf in wiiich well discuss 
and summarize the winning programs, 
the weaknesses of die Blowfish algo¬ 
rithm, and any modifications of the al¬ 
gorithm. 

Wefl be providing a number of 
awards for the winners. The grand- 
prize winner will receive a $750 
honorarium. Honorariums of $250 
to die second-place winner and $100 
to the third-place winner will also 
be awarded. 

— editors 
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IT'S HERE! 

NT |Mwar nmler 32-bM DOS) 

Microsoft Visual C++ and Phar Lap TNT 
bring the never-before-available power of 
Windows NT to 32-bit DOS! Phar Lap’s 
new TNT DOSExtender lets you break 
the 640K DOS barrier, build multi¬ 
megabyte DOS applications and take 
advantage of powerful NT features. 
Implement threads, DLLs and multitask¬ 
ing with your familiar Microsoft develop¬ 
ment tools — under DOS! It’s never been 
so easy to create the most powerful, 
full-featured DOS programs ever. 

TNT DOS-Extender is the new standard 
in 32-bit DOS. The DOS power you’ve 
been waiting for is finally here! 


IVy it oiil... niEE! 


If you have the 
Microsoft Visual 
C++ 32-Bit Edition 
tools, you’ve already 
got a free trial-size 
version of TNT 
DOS-Extender. 

TNT DOS-Extender 
Lite is automatically installed with your 
Visual C++ 32-Bit Edition software. You 
can use TNT DOS-Extender Lite to build 
versatile 32-bit programs that can access 
up to two megabytes of memory and run 
under DOS, Windows 3.1, or Windows 
NT. It’s the easiest introduction you’ll 
find to the power of TNT. 



Phar Lap 




The next-generetien 
DOS extender. 

TNT DOS-Extender is the only DOS 
extender to support the Win32 API, 
allowing your native Windows NT 
character-based programs to run under 
DOS with no changes. Programs can 
access all available memory — up to 
four gigabytes — and run with 32-bit 
speed and power. 

But that’s not all. TNT DOS-Extender 
also supports powerful NT features such 
as dynamic link libraries (DLLs) and 
threads, enabling developers to build 
modular, responsive multi-megabyte 
applications. And all this power is 
delivered with the high standards of 
technical excellence you've come to 
expect from Phar Lap, the industry 
leader in DOS extender technology. 

Already a slondard. 

TNT DOS-Extender is the tool chosen 
by Microsoft to develop their own 32-bit 
tools. TNT DOS-Extender was used to 
build both the 16-bit and 32-bit versions 
of Microsoft Visual C++, Microsoft 
MASM 6.1 and Microsoft FORTRAN 
PowerStation. 


32-hit CodeView, too! 

TNT DOS-Extender includes a 32-bit 
version of the familiar Microsoft 
CodeView debugger. So you can use 
industry standard Microsoft tools, 
including CodeView, to develop software 
for the operating system of the future — 
that your DOS customers can use today! 

TNT DOS-Extender SDK is the latest 
release of Phar Lap’s award-winning 
3861DOS-Extender SDK. You can also 
use TNT DOS-Extender with a wide 
variety of 32-bit compilers (including 
Visual C++ 32-Bit Edition) to build 
Extended-DOS programs with no NT 
system required. In addition, TNT DOS- 
Extender is compatible with all 32-bit 
tools supported by 386] DOS-Extender. 
An add-on run-time kit is available for 
developers who want to distribute TNT 
DOS-Extender applications to customers. 

So if you’ve been wondering what the 
future holds for DOS developers, don’t 
wait.... bring cutting-edge technology to 
your DOS applications today with TNT 
DOSExtender! 


NT Power Under DOS Lets You: 

■ Utilize NT features such as multitasking, DLLs and threads 

■ Build multi-megabyte 32-bit DOS programs 

■ Break the 640K DOS barrier - with your familiar Microsoft tools 

■ Build one application that runs under both Windows NT and DOS 

■ Save RAM! Run a 4 MB DOS system, not a 20 MB NT system 

■ Use industry-leading, high-quality Phar Lap and Microsoft tools 



Phar Lap Software, Inc. 

60 Aberdeen Avenue, Cambridge, MA 02138 617-661-1510 FAX 617-876-2972 


3H6lOOS-ExtefideF wid TNT POS-E-Xteciderare trademarks and Phat Lap is a ne^istered trailentjuk of Phar Ltip SoUware, Inc. Visual C++. Win32, Windows and Windows NT arc trademarks and CodeView and Micrasoft 
are registered trademarks of MiertMoft CorporaLon. Other product and company names are tradcmfiiks or ncgtsicTed tradcniaris of iheiritspective holders 
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For more information on the only C++ application framework that you need to know about for porting your 
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YOU ONLY HAVE TO 
WRITE IT ONCE WITH 
STARVIEW2.0 

By learning StarView™ you can write high-end applications with a 
single source code for all of our suppoited platforms with their native 
look and feel and only have to debug them once—cutting your develop¬ 
ment time dramatically* StarView can guarantee seamless portability 
because it was designed with a multi-platform approach Irom the very 
beginning, and it has always supported the latest features-necessary for 
competitive high-end applications* 


StarView 2.0 Features 

StarView has all the standard controls like Windows, Dialogs, Menus, 
and Buttons. But it also has other portable capabilities like Help System, 
Drag Si Drop, OLE, Bitmaps, Toolbar, Statusline, Tablecontrol, MDl, 
Printing and Preview, Internationalizing of Date, Time and Metric 
Classes, and a Multinational Resource System that allows you to create 
a single Resource file containing all international versions of your 
program* StarView also has standard dialogs for File-Handling, Printer- 
Setup, and Color- and Font-Selection. 

All controls are also available in the 31) StarView Look* And in 
addition to the program features, StarView comes standard with the 
StarView Design Editor and the StarView SFX Application Framework* 


applications to Windows, Windows NT, Macintosh, UNIX, and OS/2 environments, coll 1 -800-888-8527. 


Thousands of Prograitiiners Prefer StarView 

We’ve developed the most complete and clearly implemented C-h+ 
multi-platform software development tools available. That’s why, even 
after trying other libraries, thousands of programmers sliJI prefer using 
StarView—from the smallest startup to the largest eompuler communi- 
eations and systems integration companies in the U*S, 


Call 800-888-8527 lor More Informotion 

If you’re interested, call us to 
receive a full working demoeopy 
of StarView, witli Design Ed, and 
the StarView Whitepaper, You’ll 
be able to explore the features of 
StarView as well as discover how 
easy it is to use. 

Star Division Corporation 

2180 Sand Hill Road, Suite 320 
Menlo Park, CA 94025 
Teh 415*233.0140 
Fax: 415.233,0142 
E-mail: svinfo@stardlv.de 


Prictlisf 


Windows 3.1 

S498 

Apple Macintosh 

$498 

IBM OS/2 2.1 

$498 

Windows tfT/Intel 

$498 

Windows HT/Dec /dpho 

$698 

Sun SPARC Solaris 2.x/Motif 

$1498 

IBMRS60a0/Matif 

$1498 

DEC Alpha OSF/1 

$1498 

Call for Information on other platforms. 
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The Wavelet Packet 
Transform 


Extending the wavelet 
transform 

Mac A. Cody 

T he wavelet tramform enables anal¬ 
ysis of data at multiple levels of res¬ 
olution (also known as “scale”). In 
addition, transient events in the data 
are preserved by the analysis. When die 
wavelet transform CWT) is applied to a 
signal in the time domain, the result is 
a two-dimeosLOtiai, time-scale domain 
analysis of the signal. Tlie transform has 
proven useful for the compression and 
analysis of signals and images. 

llie fast wavelet transform (FWlh is 
an efficient implementation of the dis¬ 
crete wavelet transform (DWT). The 
DWT is the WT as applied to a regu¬ 
larly sampled data sequence. Tlie trans¬ 
form of die data exliibits discrete steps 
in time on one axis, and discrete steps 
of resolution on anodier. The algorithm 
and a C language implementation of the 
FWT were presented in my article ^ “The 
Fast Wavelet Transform’' (DDJ, April 
1992). 

As demonstrated in that article, the 
superiority of the DWT over the dis¬ 
crete Fourier transform (DFD is in the 
DWT's simultaneous localization of fre¬ 
quency and time, something that DFTs 
can't do. As a trade-off, the frequency 
divisions in the DWV are not in inte¬ 
gral steps. Instead, die divisions are in 
octave bands. Each level of the trans¬ 
form represents a frequency range half 
as wide as that of the level above it and 
twice as wide as that of the level l>e- 
low it; see Figure 1(a). 


Mac is an engineering specialist at ESys- 
tenis' Garland Division in Dallas, Texas. 
He can be contacted at 214-205-6452 
a? 2 d on Internet at mcody^^aolcom. 


Conversely, the time scale on each 
level is twice that of die level lielow it 
and half that of die level above it; see 
Figure 1(b). This characteristic of the 
DWT poses problems when attempdng 
to localize liigher frequencies. Discrim¬ 
ination of frequency is sacrificed for time 
localization at the higher levels in the 
transform. 

It turns out that the DWT is actually 
a subset of a far more versatile trans¬ 
form, the wavelet packet transform 
(WPT). Developed by Dr. Kona Id A. 
Coif man of Yale University, the WPT 


\ 




generalizes the time-frequency analysis 
of the wavelet mmsform, It yields a fam¬ 
ily of oithonormal transform bases of 
which the wavelet tmnsform basis is but 
one member. 

In this article TTl develop the wavelet 
packet transfonTi algontlim from its roots 
in die wavelet transform algorithm. Af¬ 
ter diat, ril present C code to implement 
the algorithm. 

from a Humble Root a Tree Shall Grow 

In the fast wavelet transform iilgorithm, 
the sampled data set is passed dirough 
the scaling and wavelet filters (die con¬ 
volution operation). They are, respec¬ 
tively, low-pass and liigh-pas.s filters 
with complementary band widths, also 


known as a quadriture mirror filter 
(QMF) pair. The outputs of both filters 
are decimated (desampled) by a fac¬ 
tor of two. The high-pass filtered data 
set is the wavelet triuisforni detail co¬ 
efficients at that level of scale of the 
transform. The low-pass filtered data 
set is the approximation coefficients at 
that level of scale. Due to the deci¬ 
mation, both sets of coefficients have 
half as many elements as die original 
data set. 

The approximation coefficients can 
now^ be used as the sampled data input 
for another pair of wavelet filters, iden¬ 
tical to the first pair, generating anodi¬ 
er set oi‘ detail and approximation co¬ 
efficients at the next-lower level of sc:a!e. 
This process can continue until the lim¬ 
it for the unit interval is reached. For 
example, if it is de.sired that the tran.s- 
form have six levels (5 dirough 0), then 
the unit interval must be 64 (2^) sam¬ 
ples long. The data set can be of any 
length as long as it has an integral num¬ 
ber of unit intervals. The resulting al- 
goridim is the for\\'ard fast wavelet tnms- 
form tree algorithm; see Figure 2(a>. 

You can turn die tree algorithm on 
end, widi the initial data input at the top 
and die detail and approximation coef- 
ficTents fanning out tew^ards the bottom. 
The fast wavelet Uansform algorithm can 
now^ be viewed as a partial graph of a 
binary tree (the significance of this will 
be seen shortly); see Figure 2(b). The 
flow' of the algorithm tnoves down and 
to the left, forming new levels of the 
tj-ansform from the approximation co¬ 
efficients at higher levels. The detail 
“blanches” are not used for further cal¬ 
culations. 

Observe that the wavelet transform 
operation can be stopped at any level 
while working down the tree. The re¬ 
sulting “partial” transform is still a valid 
orthonormal transform. For example, 
if the unit interval for a data set w^ere 
32 points (2^), the corresponding trans¬ 
form would have five levels (4 through 
0). If the transform operation were 
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stopped at level 2, the transfonTi would 
have only three levels, but the approx¬ 
imation and detail coefficients of the 
transform would correspond exactly to 
a wavelet transform with a unit interval 
of 8 (2^) samples; see Figure 2(b). 

Tlte implication of this observation is 
that the QMF pair is an orthonormal 
transfonn kernel, just as butterfly oper¬ 
ation is the kernel of die FFT. As long 
as the filters are designed to be ortho¬ 
normal wavelet filters and the original 
data set meets the unit-interval require¬ 
ment described above, re[>eated appli¬ 
cations of the kernel will always yield 
an orthonormal transform. 

Now, the set of detail and approxi¬ 
mation coefficients at each level of the 
transform forms a pair of subspaces of 
the approximation coefficients of the 
next-higher level of scale and, ulti¬ 
mately, of the original data set. The 
stibspaces created by tlie wavelet traas- 
form roughly correspond to the fre¬ 
quency subbands shown in Figure 1(a), 
lliese subspaces form a disjoint cov¬ 
er of die frequency space of the orig¬ 
inal data set. In other words, the sub- 
spaces have no elements in common, 
and the union of the frequency sul> 
bands span the frequency range of the 
original data set. 

What Coif man proposed is that any 
set of subspaces which are a disjoint 
cover of die original data set is an or- 
thonormal basis. The wavelet transform 
basis is then but one of a lamily of or- 
ihonormal bases with different subband 
interv^als. As with the wavelet transform 
basis, each disjoint cover roughly cor¬ 
responds to a covering of the frequen¬ 
cy space of the original signal. Coifman 
dublied diis family a '^wavelet packet li¬ 
brary.” The various orthonormal bases 
are formed by arbitrary applications of 
the orthonormal transform kernel upon 
the detail coefficients as well as the ap¬ 
proximation coefficients of liigher trans¬ 
form levels. 

The application of the transform ker¬ 
nel to both the detail and approxima¬ 
tion coefficients results in an expansion 
of the structure of the fast wavelet trans¬ 
form tree algorithm. The tree algorithm 
for the wavelet packet transform can be 
represented as a Rill binary tree; see Fig¬ 
ure 3. As read from left to right, the a 
and ci symbols at each node indicate 
the order of orthonomial transform ker¬ 
nel filter operation.s performed which 
yield each particular subspace of die 
original data set. Each node in the trans¬ 
form tree is also representative of a par¬ 
ticular wavelet packet. The transform 
coefficients computed at each node are 
a correlation of the original data set and 
a waveform function representing the 
wavelet packet. 


For example, the sequence aaad in 
Figure 3 represents four operations of 
the orthonormal transform kernel rep¬ 
resenting one of 48 possible wavelet 
packets. (The combination of all pos¬ 
sible translations in time and dilation 
in scale for the wavelet packets is J^2J; 
in this instance J equals 4.) The first 
three represent low-pass filter/decima- 
tion operations perfonr^d by the trans¬ 
form kernel. The fourth represents a 
high-pass filter/decimation operation 
performed by die transform kernel. This 
subspace should be recognizable as ex¬ 
actly the level 0 detail coefficients of 


the wavelet ti-ansform. The operations 
of the orthonormal transform kernel 
correspond to the wavelet function of 
the wavelet transform. Likewise, the 
wavelet packet represented by aaaa is 
the scaling function of the wavelet 
transform. 

Packets, Graphs, and Bases 

The wavelet transform basis is actually 
a subset of a family of bases formed by 
the wavelet packet transform. The heavy 
lines in Figure 3 indicate the graph form¬ 
ing the wavelet basis. Note that the 
wavelet basis consists of the subspaces 



(b) 


Input Signal 




Level 2 Approximation 



Level 1 Approximation 



Level 0 Approximation 


1: (a) The Discrete Wavekt Transform (DWT) dii/ides tbespecirum of the 
sampled data into octai^e bands; (b) the resolution at each level of the DWT is 
half that of the level above it and twice that of the level below. At lower levels, 
time resolution is sacrificed for frequency localization. 
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d, ad, aad, aaad, and aaaa. The se¬ 
quences a, aa, and aaa are intermedi¬ 
ate steps leading to the generation of 
the subspaces of the wavelet basis at 
the lower levels. Since the ortlionormal 
transform kernel can be arbitrarily ap¬ 
plied to either approximation or detail 
branches on the tree, J*2J graphs rep¬ 


resenting different orthonormal bases 
can be created; see Figure 4. 

The variety of ortho normal bases 
which can be formed by the WPT al¬ 
gorithm, coupled with the infinite num¬ 
ber of wavelet and scaling functions 
which can be created, yields a very flex- 
(continued on page 50) 


(a) 2:1 2:1 2:1 2:1 2:1 



0(1) cl(J^.k) 


Figm^ 2: Ihe tree or pyramid algontbm qftbejbnmrd Jdst tvawlet transform 
(a) can he vieufed as a partial graph cf a hi nary' tree (b). For a pariicular unit 
intewai (2^ samples), a maxinimn ofj ietmls of transform, data can be formed. 



Figure 3: ^e tmvelei packet transform inetved as a complete binary graph. 
Each'd''and ""d"' in each sequence represents the filtering operations performed 
to yield the particular subspace of the otiginal signal The bold lines represent 
the disjoint cover known as the '‘umelet basis ," 
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(continued from page 46) 
ible analysis tcx^l. The flexibility of WPT 
versus the I^WT can be compai^ to that 
of having a complete set of sockets for 
a ratchet rather than a single socket to 
attach to it. The ratchet (algoritlirn) works 
tlie same regardless of die socket (basis) 
diat Is chosen. The flexibility of die tool 
Ls in choosing die appropriate socket (lia- 
sis) for the particular nut (problem). The 
choice of wavelet and scaling functions 
is then analogous to selecting From En- 
g!i.sh, metric, or Tbrx socket sets for use 
with die ratchet. Tbe WPT allows tailor- 
ing of the wavelet analysis to selectively 
localize spectral bands in the input data 
as well as to cooelate the signal to the 
wavelet. Not only can the best wavelet 
l>e chosen to analyze a particular signal 
but the best ortho normal basis can as 
well. In signal-proc'essing lerminolDgy, 
the various bases of the wavelet packet 
tninsfonn cm lie used as arbitrary adai> 
dve tree-structured filter banks. 


Piece-wise Convolutions and 
Traversing the Tree 

The implementation of die WPT is it¬ 
self a generalization of the FWT rou¬ 
tine presented in my previous article. 
As with the PKT, die kernel operations 
are the decimating and interpolating 
convolutions* as presented in Listing 
One (page 101). The convolutions per¬ 
formed are actually piece-wise convo¬ 
lutions, due to the discrete nature of 
the data. The routine DualConvDec2 
replaces the routines CmmiveDec2 and 
Dotp in the FWT code. The routine 
DualConvInt2Si4m replaces CorwoltJe- 
Int2, DotpOdd, and [}(jpEwn in the in¬ 
verse code. 

Both convolution routines are de¬ 
signed to operate upon aperiodic data 
of flnite length. The data does not rep¬ 
resent an infinitely repeating pattern 
and is assumed to be surrounded liy 
zero-valued data, see Figure 5. To sup¬ 
port this data model, each data array 



Figure 4: Diff^ent disjoint covers formed from the WPT binary tree (Figtire 3) 
yield different wavelet packet bases, (a) A subband basis; (b) an ortbonormal 
basis subset; (c) a basis ivhicb is the opposite of the watJelet basis (better 
frequency kx:aiization at higher frequencies). 
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(continued from page 50) 
is appended with additional data stor¬ 
age equal to the length of the wavelet 
fiJter, minus one (the shaded elen)ents). 
The extra data is filled with the termi¬ 
nating convolution values as the wave¬ 
let filters “slide ofP the end of the data 
set. Extending die convolution data by 
this additional amount during the de¬ 
composition process of the forward 
transform ensures perfect reconstnjc- 
tion of the original input data by the 

The discrete wavelet 
transform is actually 
a subset of afar 
more versatile 
transform, the 
wavelet packet 
transform 


inverse transfornr DualConpIX^c2 iiko 
uses partial dot products at both ends 
of the convolution to simulate the im¬ 
plied zero-valued dat;i (die dotted lines) 
outside of the data array. The dotted 
lines on the filter elements indicate co 
efficients not used in the partial dot 
product calculations. DiialConvInt2Sum 
does not need to do this, since all in¬ 
formation necessary for reconstruction 
is contained within the extended data 
arrays. Note that DMalConvJnt2Stim 
performs only the odd-valued dot 
product at the beginning of the con- 
voludon for the initial, reconstrucdon 
data point. 

The WPT dtta is stored in the struc¬ 
ture WPTstmct, defined in Figure 6(a). 
Tlie structure contains storage for the 
number of levels in the transfonn, the 
length of the original, untransformed 
data array, and a pointer to a two- 
dimensional matrix of data arrays. The 
size of the mau ix in dependent upon 
three factors. Tliese are die numlier of 
levels in the uansform, the length of the 
original data army, and the length of die 
transfonn filters. The length of the data 
array is itself affected by die length of 
die transform filters; see Figure 6(b), 

Figure 6(c) shows the matrix struc¬ 
ture as the wavelet packet binary tree. 
The data-aixay pointers are allocated 
memory from the heap as necessary to 
form the disjoint cover for die chosen 
orthonormai basis. Those anay point¬ 


ers not requireti for the disjoint cover 
are set to zero. The example shown in 
die figure represents a tliree-level wave¬ 
let basis for an input of 40 data points 
with transform filters containing six 
coefficients. 

The routine DualCofwDec2 is used 
liy 2WPT, die forward wavelet packet 
tnuisform routine; see Listing Two (page 
101). zlWPT accepts pointers to the in¬ 
put data array, the WPT data structure, 
and the transform filter arrays, and die 
lengdi of the filters. The transform rou¬ 
tine works down tlie levels of the bi¬ 
nary tree performing convolutions on 
die data arrays. Each level of the bina¬ 
ry tree is traversed by taking adjacent 
pairs of array pointers as tlie destina¬ 
tion nodes for the low-pass and high- 
pass convolutions. If the array pointer 
for die low-pass convolution is zero, 
the convolutions are not performed 
since the destinations are not part of 
the current disjoint cover. 

At the highest level (where i equals 
0) the input data array is the source 


for the convolutions. On each sulise- 
quent level, die sources are the arrays 
on the previous level. The appropri¬ 
ate array in the binary tree is deter¬ 
mined by dividing the current f index 
by 2. After each convolution operadon, 
the data lengtli is divided by two, in 
order to keep tmck of the effect of the 
decimation operation during the con¬ 
volutions. 

DiialCmivlni2Sum is used by lAWFl] 
the inverse wavelet packet transform 
routine, lAWPT accepts pointers to die 
source WPT data structure, the output 
data array, the transfc^rm filter arrays, 
and the length of die filters. The in¬ 
verse transform routine works up the 
levels of the binary tree, performing 
convolutions on the data arrays and 
reconstructing the higher-resolution 
data on each level. Each level of the 
binary tree is traversed in the same 
fashion as was AWP^f. 'fhe destination 
arrays are on die next-higher level of 
the matrix, and diey are selected by di¬ 
viding the j index by 2. At the liighest 
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Figure 5: (a) The convolution operatio^i in DuaIConvDec2 employs partial dot 
products at both ends of the data artay to simulate valued data 
surrounding it; (h) the convolution operating in Dual Con vInt2Sum performs dot 
products with alternating odd and eten filter components to simulate 
interpolation. 7he additional convolution data generated by DualConvDecZ is 
used to accomplish perfect reconstruction. Mar^d data elements indicate 
starting points of dot-product calculations. 
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A key component of our solution is Rational Rose/C-i-+, 
a graphical tool that automates use of the Booch'93 method and 
generates your C++ source code. Rational Rose/C++ is available for 
Windows" PCs and UNIX* workstations. 

The Rational Approach can help you achieve the real-world 
benefits of object-oriented technology and iterative software 
development: increased productivity, software and design re-use, and shorter time to market. 

For more information and a free copy of our new white paper on The Rational Approach, 
call us today at 1-800-767-3237 Quite simply, it's the logical thing to do. 
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WAVELETS 


Windows & DOS 


Programming 

Tools 


Sourcer^ 



“Bourcer is the best disassembier 
we've ever seen.*' pc Magazine 


Creates commented source code and list¬ 
ings from binary files. Shows bow programs 
work with detailed comments on Interrupts, 
subfunctions, I/O functions, and more Sup¬ 
ports ail instructions to 80486 and V20/V30, 


Sourcer prov^ides the best analysis separat¬ 
ing code and data. It autornatically deter¬ 
mines data types, uses descriptive labels for 
BIOS and PSP data, and links data items 
across multiple segments. 


New version 5.0 makes most DOS EXE and 
COM files and drivers reassemble perfectly, 
byte-for-byle identical to the original I 


Top professionals depend on Sourcer for the 
mos^llable results with the least effort, 


for Windows 


"Sourcer combined with Windows 
Source shouid be mandatory for 
tooking Into Windows Programs." 
Sat Ricciardi PC Magazine 


Windows Source ru with Sourcer generates 
detailed listings of Windows EXEs, DLLs, 
SYSs, VxDS, device drivers & OS/2 NE files. 
Labels, by name, export & import function 
calls, API calls like "GetFreeSpace" and rrare. 

See the many undocumented Windows 
functions used by professionals to perform 
tricks that are otherwise impossible. 

Comes complete with extra utilities for 
resource extraction and import analysis. 
Uses CodeView symbols for improved clarity. 


BiOS Source 


for PS/2, AT, XT, PC and Clones 

The BIOS Pre-Processor™ with Sourcer 
creates commented listings for any BIOS 
ROM in your PC. Understand how your 
specific BIOS works! Adds over 75K of 
comments specific to your BiOS, Identifies 
multiple interrupt branches with special 
tabeiing like "inLlO_video." Fully automatic. 


Sourcer-Commenting Disassembler $ 129.95 

Sourcer w/B lOS -{save $ 10 ) 169.95 

AS Mtool 486 Automatic flowcharter 199.95 

ASM Checker -Finds source code bugs 99.95 
Windows Source-requires Sourcer 129.95 

Windows Sou rce & Sou rcer - [ save $ 30 } 229.90 


Shipping: USA $6; Can3.da/Mexico$10: Other $1S. CA 
resklente add sales lax © 1993 VISA/MasletCafd/COD 

30^DAY MONEY-BACK GUARANTEE 


i-800-648-8266 order desk 

V Comrr^unlcations, Inc. 

4320 Stevens Creek Blvd., Suite 27S-DD 
San |dse. CA 9SI29 FAX 408-296-0441 
406-296-4224 



(continued from page S2) 
level (j equals 0), the destination array 
is the output data anay. After each con¬ 
volution operation, the data length is 
doubled to keep track of the effect of 
the interpolation operation during the 
convolutions. 

The ccKle listings presented here are 
written in ANSI C and have been test¬ 
ed with Borland Turbo C 2.0. They 
should compile on any compiler that is 
compliant with ANSI C, IVe also writ¬ 
ten a wavelet packet transform demon¬ 
stration program which Is available elec¬ 
tronically; see “Availability" on page 3^ 
The electronic version includes the 
demo program, sample data files, sup¬ 
port drivers, and documentation. 


provides a more flexible tool for the 
time-scale analysis of data. All of the ad¬ 
vantages of the fast wavelet transform 
are retained since the wavelet basis is 
in the repertoire of bases available with 
the wavelet packet transform. Given this, 
tlie wavelet packet transform may even¬ 
tually become a standard tool in signal 
processing. 
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Conclusion 

Tlie wavelet packet transform general¬ 
izes the discrete wavelet transform and 


DDJ 

(listings begin on page 100.) 

To vote for your fovoriic article, circle Enquiry no, 5, 


(a) 

typedef struct 
[ 

short levels, length; 
REAL.TYPE +++DATA; 

} WPTstruct; 


(b) 

signal 






V 

length - 40 




length -1 
^5 


(c) 


level 2 


data[0][0] data[0][1] 





20 5 


level 1 


data[1}[0] data[1][1] data[1][2] data[ip] 











= 0 =0 

^^ A 

ta[2](1] data data data data data data 

v > 

20 f 

level 0 

data[2][0] da 











[2][2] [2][3] [2][4] [2][5] [2][6] [2][7] 

. =0 =0 =0 =0 =0 =0 



5 5 


Figure 6: (a) The data structure for the WFP Ihe REAL_TYPE declaration 
can be defined either as float or double; (b) the storage structure for the 
original signal consists of the data, plus appended storage equal to the filter 
length, minus 1; (c) the data component of WPTstruct js a two-dimensional 
matrvc of data arrays forming the wavelet packet binary tree. Data-array 
pointers set to 0 indicate parts of the tree that aren t part of the disjoint cover 
(the wavelet basis). 
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High-Performance Computer Books 


One Microsoft Way, Redmond, WA 98052-6399 
in Canada, call Macmillan Canada, 4I6-293-8J4I 

Mkrosoft is a registered trademark and Wirvdaws is a trademark of Micrasofl CtM-poraltoti 


It’s a giant leap into the 
world of object-oriented 
application development for 
the Microsoft* Windows" 
operating system. 

And we do mean 
giant. You get more 
than 1,000 pages of 
expert advice from 
one of the best 
programming 
minds. Plus, over 
50,000 lines of 
practical source 
code examples 
' i’ in C/C++ on two 
high-density disks let you see OLE 
2 programming in action. You’ll learn to build 
applications from scratch or add OLE 2 function¬ 
ality incrementally for whatever makes sense for 
your customers, clients, or business. 

The future is now with OLE 2, so get 
the insider’s guide today. Available everywhere 
quality computer books are sold, or call 
l-SOO-MSPRESS. Refer to ad ADJ. 
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Fuzzy Logic in C: 
An Update 


Completing a 
fuuy-based 
inference engine 

John A.R. Tucker, 

Phillip E. Fraley, and 
Lawrence P. Swanson 

E arly last year, we were looking for 
a software implementation of fuzzy 
logic. Greg Vlot’s article "Fuzzy Log¬ 
ic in C (DDJ^ February 1993) was a 
step tow'ards w'hat we needed, but it 
didn’t include the necessary initializa¬ 
tion, parsing, and output functions. Con¬ 
sequently, we filled ki dte gaps by writ¬ 
ing functions that, together witli Greg’s 
code, make a working fuzzy-logic pro¬ 
gram you can use. Listing One (page 
101) is the complete source code for the 
updated version (which includes Gref’s 
original code and our additions). The 
enhancements, which well focus on in 
this article, are shaded as well as iden¬ 
tified in the comments. For background 
on fuzzy logic in general and Greg’s 
techniques in particular, refer to his orig¬ 
inal article. 

Rule Files and Structures 

We saw right away that tlie parsing of 
the rules file would be a problem to 
generalize for all possible combinations 


John teaches computer courses at Albright 
College and Reading Area Community 
College; Phillip is working on several 
proJectSf including proton m odels, large 
color images, and neural networks; 
Lawrence currently works as a test 
engineer. They can be reached through 
the DDJ offices. 


of antecedents and consequences, so 
we elected to simplify the prohleni by 
allow ing only two antecedents and one 
consequence. 

The generalized case would have re¬ 
sulted in loss of clarity. We didn’t try to 
be clever about our fiinctions; in fact, 
they are quite direa (three segments are 
repetitive), Tlie extensive use of linked 
lists and pointers to structures in ini- 
tialize_system() related to tlie rules are, 
however, quite involved. Nor did we op¬ 
timize or generalize the code. This 
makes it possible for you to modify^ the 
code to accept other input files by copy¬ 
ing existing code segments and making 
minor adjustments. Finally, we took full 
advantage of understanding the input 
data structures for the specific example 
of the inverted-pendulum problem Greg 
described. 

To allow for easy alteration of the 
fuzzy sets or rule definitions, we used 
three ASCII files with fixed names and 
formats as the input files that describe 
the fuzzy sets (angle, velocity, and 
force). Similady, an ASCII file is used to 
describe the rules fUe. These four files 
are to be located in a common directo¬ 
ry from which the program is run, 

In the three files describing the fuzzy 
sets (ini, in2, and outl), you can use 
any name ten characters or less in 
length on the first line as a name for 
the input fuzzy set. The first column of 
file subsequent lines is for the name of 
the membership element of that fuzzy 
set, again limited to ten characters. The 
next four columns describe the comer 
points of the membership (if the third 
and fourth columns are the same, the 
shape is a triangle). White-space, 
spaces, or tabs separate the columns. 
You may have as many rows of mem¬ 
bership elements as you please, but five, 
seven, or nine seem to be the best 
choices. Take care not to include any 
blank rows. 

The first file, ini (angle), looks like 
Figure 1. The files in2 (velocity) and 


outl (force) are similar, in initialize^ 
systemO, we have three nearly iden¬ 
tical code fragments. You can block 
copy them and make the few changes 
required. The cycle is as follows: Open 
the file, set a pointer and allocate 
memory, read the fuzzy set's name, 
read a line of data from the file, set a 
pointer to the next structure, assign 
values to the structure elements, and 
lastly, close the file. Tlie differences 
in these three segments are in lines 1 
and 2 (the filenames are different), 
lines 5 and 6 (the pointers point to 
differing places), and lines 27 and 33, 
where the filenames in the error mes¬ 
sages are different. 

We included an error trap to detect 
if either slope 1 or slope2 is less tlian or 
equal to 0, a condition not allowed in 
the original program. If such an error 
is encountered, the program exits with 
appropriate information. The setting of 
the pointers for the rules file is more 
complex. In the original article, Greg 
suggested a file that looked like Figure 
2Ca). Altiiough we liked the form of this 
file, it was complex to parse so we 
stripped the file to its essential elements: 
the name of the fuzzy set elements and 
the order in which they appear in each 
rule; see Figure 2Cb). We used an awk 
and sed pipeline to strip the "mle’' file 
and create a more suitable form for 
parsing in a file named "rules,” (Tlie 
command line awk iprint $6, SIO, $14P 
rule \sed ^s/)//g^> rules does this ele¬ 
gantly. You can create the rules file di- 


Angle 

NL 

0 

31 

31 

63 

NM 

31 

63 

63 

95 

NS 

63 

95 

95 

127 

ZE 

95 

127 

127 

159 

PS 

127 

159 

159 

191 

PM 

159 

191 

191 

223 

PL 

191 

223 

223 

255 


Figure 1: The ini Jtle; values can be 
altered as desired. 
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SHORTENED TIME TO 
MARKET FOR CAMCORDERS 

NEXPERT is the core of SoNY*s 
simulation system for speeding up 
the design and testing of highly- 
speciali/^ chips used in video 
cameras. The system, called XAS, 
reduced design time by two thirds. 
XAS runs in a local area network of 
Sony NEWS workstations, using 
X Windows, with more than 500 
complex simutation rules distributed 
across 15 NEXPERT knowledge bases. 


“NEXPERT has effectively 
capiLtred the design 
engineer's knowledge 
required to perform CCD 
simulations, significantly 
improving productivity at 
SONY. '• 


SONY 


“By adding knowledge to 
existing applications, 
NEXPERT has allowed us 
to leap heyoml our already 
strict audit control standards 
to help us perform a difficult 
and critical task ." 

Chemical Bank 


“We've recognized that 
knowledge /.v a resource that 
can he harnes.sed and 
leveraged to .strengthen 
productivity and reduce 
costs in many areas of our 
business — and NEXPERT 
is the key. 

BCTel 




RISK MANAGEMENT 
Chemical Bank uses NEXPERT for 
daily review of over a biUion dollars 
in worldwide foreign exchange 
transactions. The Digital VAX-based 
application called Inspector, ties to 
Oracle databases, C programs, and a 
communications network spanning 
23 countries. Given the dollar 
amounts involved in transactions, 
once Inspector identified even one 
IrauduJent trade, it paid for itself 
many times over. 

CUSTOMER SERVICE 
BCTel, Canada's second largest 
telephone company, uses NEXPERT 
to streamline business practices and 
help generate, recover, and protect 
revenue. NEXPERT is at the heart 
of several multipiatfonn applications 
ranging Jroni network overload 
management to customer services 
and billing monitoring. The systems 
run on Sun and Digital UNIX 
workstations, Digital VAX/VMS 
systems and PCs. 

BUILT ON STANDARDS 

NEXPERT OBJECTis an object'and rule-oriented development tool 
written in C, that runs on over 35 platforms, from PCs and Macs to Unix, 
DEC VAX/Alpha and IBM mainframes. NEXPERT extends beyond 
other knowledge-based tools with functionalities such as a robust GUI 
design capability and a script language. Developers can now more 
rapidly build grapMcai knowledge-based applications that support all 
windowing environments. 

With over 16,000 systems in use worldwide and an extensive network 
of solution providers and systems integrators, NEXPERT has emerged as 
the proven standard for developing knowledge-based systems. 

Call us today at 415-321-4488 or 1-800-876-490(1 ^804 to register 
for our ffee seminars or to receive additionaJ documentation. 
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FUZZY LOGIC 


(continued from page 56) 
rectly, as with the input files, and elim¬ 
inate the clearer representation of the 
rule file entirely if you do not have tliese 
tools0 You can have more or less tlian 
the 15 rules in Greg's article. Add or 
delete them as you please, one rule per 
row. Be certain that membership-ele¬ 
ment names are exact matches in all the 
files, including the rules file. In partic¬ 
ular, note that upper and lower case are 
not equivalent. 

Once initialize_sysiem() is written, 
you’re limited to two inputs and one out¬ 
put. You will need to make changes to 
the arguments for fscanfO and define 
new buffers to accofnmodatc any oth¬ 
er combination. 


The insight to the rules structures 
initialization is that stmetures of mle_ 
type and rule_element_type form the 
acceptable rules at the time of initializa¬ 
tion. That is, appropriate fuzzy inputs 
Cantecedents) are associated (linked) witli 
a fuzzy output (consequence) as defined 
in the rules at the time the rules file is 
read. Values in the nif_type structure are 
pointed to by the pointer stored in the 
mie_element_type ^vahte^ Later, if a 0 is 
pointed to by any of the if_side value 
pointers, the function defiizzification() 
will equate to 0, and subsequent calcu¬ 
lation of the sumproducts and 
sum_of_areas will not be affected. See 
Figure 3 for the complete relationship of 
all the data structures and their pointers. 


Using the Updoted Program 

To illustrate how you can use the up¬ 
dated fuzzy-logic program, we’ll refer 
you to the rule in Figure 4, where we 
begin by opening the rules file, allo¬ 
cating memory for a structure ruie_type 
and setting a pointer to it, and scan¬ 
ning the mles one line at a time. As 
each line (rule) is read, we ''kno^ ” that 
the first field in the line is the angle 
(structure iojype, pointed to by ^mem- 
bersbip_ftmctionsd, so we begin 
searching its fuzzy-set memters (struc¬ 
tures mjijype), doing a string match on 
the membership element name, NL. 
When the match is found, memory for 
a rule_elenient_type structure is allo¬ 
cated, the address to the value element 
of the matching mf_structure is stored, 
and a pointer to mle_type, pointed to 
by the ^if_side. A pointer to the sec¬ 
ond field (in this case, velocity) is also 
established as a pointer (element ^next) 
in nde_eiement_type^ 

The second field of the mle (veloci¬ 
ty) is tlien used to search for a string 
match on its membersliip-eleraent name, 
ZE, in the second io_stmcture ^tnember- 
sbip_function^ and a pointer to the ad¬ 
dress where its value is located is stored 
in the next rule_eiement_iype lvalue. 
Finally, the last element of the rule, the 


<a) rule 1: IF (angle is NL) AND {velocity is ZE) THEN (force is PL) 
rule 2: IF (angle is ZE) AND (velocity is NL) THEN (force is PL) 
rule 3: IF (angle is NM) AND (velocity is ZE) THEN (force is PM) 

rule 15: IF (angle is PL) AND (velocity Is ZE) THEN (force is NL) 

(b) NL ZE PL 
ZE NL PL 
NM ZE PM 

PL ZE NL 


f igure 2: (a) Originai rules file; (b) m odified mles file. 
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FUZZY LOGIC 


(continued from page 58) 
cofLsequence (force, in our example), is 
treated in the same manner: The ad¬ 
dress of the match b stored in the ruk_ 
element_type lvalue pointed to by the 
nile_type ^then side when the appro¬ 
priate membership element name, PL, 
b matched. 

These steps are repeated for every 


mie in the rules file; refer again to the 
first three rules in Figure 3- 
To complete the alterations, other 
changes included placing the two an¬ 
chor pointers System_Output and Sys- 
tem_Inputs as global pointers along 
with the existing Rule_Ba$e^ adding 
macro definitions for max and min for 
cross-compiling onto MS-DOS plat¬ 


forms, and adding the Mnciude for the 
function strcmp()\ see Example 1. We 
abo included the necessary function to 
accept two inputs From the command 
line as arguments for the initial condi¬ 
tion get_system_inputs() and a func¬ 
tion put_^ystem_outputs() to examine 
die exit status of a single inference pass 
on the input data. 


' Sysl6m_lnputs 


-System_Oijtpu{ 


Rule_Ba5e — i 


struct 


struct 

struct 



io_lype 


io_type 

io_type 



-► char name angte 

-► 

char name velocity 

-► char name force 



int value 60 


int vaiue !25 

int value !34 



- *memberBhip 



♦membership 

-- *memberBhJp 



♦next-^- 



♦next NULL 

♦next NULL 



etnjct 


struct 

struct 

struct 

struct 

mt_lype 


mLtype 

mf_type 

njle_element_lypB 

fulejfype 

_ fiSittka Ml 



char name NL 

int value 0 - 

^ _ 1 



^ VI wur itniiK? 

int value 21 - 


cfiar name NL 
int value 0 

♦next - 1 - 

- ♦then^side 














int pointl 
jrit painl2 
Int slopet 
ht sloped 
♦next 

char name NM 
Ent value 203“^ 
fnt pointl 
ht pointa 
int stopel 
int 

char name NS 
int value 0 
int pointl 
int point2 
ini 5lope1 
int slope2 
*next 

char name ZE 
int value 0 ^— 
int pointl 
int porntZ 
int slopel 
int slopoZ 
•next 

char name PS 
int value 0 
int pointl 
int poIntZ 
int stopel 
int Slopes 
*ne)ct 






int point! 
int poIntZ 
ini slopei 
int slopeZ 
*rwxl 

char name NM 
int value 0 
int pointl 
int points 
Int slope 1 
Int elopeZ 
*next 


char name PM 
Int value 0 
Int point! 

Int pojnt2 
Jnt slope! 

Int alope2 
*next 

char nemo PL 
Int value 0 
Inf pornU 
int pointZ 
int slope 1 
int slope2 
♦next NULL 










char name NS 
Int value 14 
lot point! 

Int polnt2 
Int stcpel 
Int Slopes 
*next 


char name ZE 
Int value 210^^ 
Int point! 

Int pointZ 
Int slope! 

Int Slopes 
♦next 

char name PS 
Int value 0 
Int point! 

Int polnt2 
Int slope! 

Int Slopes 
*next 

char name PM 
Int value Q 
irrt pointl 
int polnt2 
int slope! 
int slopes 
*next 

char name PL 
Int value D 
Int point! 

Int poiniZ 
Int slope! 

Int slopes 
♦next NULL 




Int pointl 
Int points 
Int slope! 
Int Slopes 
*next 






char name NM 
int value SOG 
int point! 
int points 
int slope t 
int Slopes 
*next 






CL 




char name NS 
int value 0 
int point! 
int points 
ini slope! 
int Slopes 
*nsxl 


d!ar name ZE 
int value Q 
int point! 
int points 
int slope! 
ini Slopes 
*next 

char name PS 
int value 0 
int point! 
int points 
int slope! 

Int Slopes 
*n6xt 

char nap>e PM 
int value 203 
int point! 
fnt points 
Int slope! 

Int slopes 
♦next 

char name PL 
Int value 21’^^ 
int pornti 
Int points 
Int slope! 

Int Slopes 
♦next NULL 


Int ♦value 
♦next NULL 


tnt ♦value 
♦next NULL 


int ♦value' 
♦neixl 


int ♦value 
♦next NULL 




♦next 


*if_side ■ 
*lhen_side 
♦next - 


Int ♦value 
♦next - 


le H ^ 

u 


ralue-^ 


Int + value 
♦next NULL-^ 


♦iLside 
♦then^side 
♦next- 


*lf_side 
*then_slde 
♦next 


♦ILsbe 
♦then^slde 
♦next 


p int ♦value 
♦next NULL 


Int ♦value 
♦next 


♦if_side ' 
■th6n_side 
♦next ■ 




int ♦value 
♦next NULL 


int *valu9 
♦next NULL 


*then_side 
♦next 


•ILsiclie 
*lhan_side 
♦next - 


int *value 
♦next 


ilue-J 


*then_side 
♦next - 


int ♦vaiue'^ 
♦next NULL 


int ♦value 
♦next NULL 


tnt *valije 


♦next- 

Int * value 


♦ihen_aicre 
♦next- 


♦iUlde H 
*then„sida 
♦next' 


Int * value 
♦next NULL 


Int ♦value 
♦next 


ilue-^ 


Int ♦valuer 
♦next NULL 


Int ♦value 
♦next NULL 


Rule 2 




3 


ide 

next-1 

iLslde ^ I 
:h 0 n_aide 
’"next I 

*if_sjde J 


Rule 4 


Rule 5 


Rule 6 


Ruler 


lidie -^-U 
ide 


da — I 

side 

iida 

'^nexi--] 

*if_side — I 

♦ihan_side 
♦next '■'— — —n 

*if_slde 
♦then^aids 
♦next- 1 


Rule 9 


Rule !0 


Rule 11 


Rule 13 


Rule!4 


Figure JL' Relationship of data structures and their pointers. 
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Rle Edit Tree Qpfiona Stert^ ^ndow Help 


rmr. 


H Son By: 


Clear New. 


Rnd Window. 


LoadSIringQ returns: im=001 Z [usec-Z40123] 
LoadS1ring{hlnst=F3FS, I d Re source=013 U lps2Buffcr=1F4F:6ECC, 
Parameter Error: 0022 182F:F9F9 @ 06AF:182F (usec=5051 
err PBRUSHX > LOADSTRING+C: Invalid global handle: (hdm 
RIR 6022 in KERNEUOOF7 @ 0117:C070 for P8RUSHX:2O07 wi 
FatafExit code = 

0x€022 {u3ec=iai213) 

Abort Break, Exit or Ignore? vl 
LoadStrlngQ returns: lnt=000fl (usec=111508] 
OlcflegistBrScrvcftIpa2Class=1F4F:438E, lpsrvr=1E47:0000, Iplhs 
lstrcpy(IpszStringl=1F4F:6DBa lpszStrlng2=1 F4F:438E) @1EC 
I strep vO returns: LPSTR=1F4F:80BC fusec=4091 


IstrcatQ returns; LPSTR=1F4F:6DBC fuscc=437J 
RegOueryVa]ue(hkey=6000:000l, IpszSubKey^l F4F;60BC, ipss 
ReaQueryValuen returns: LQWG=ODOO:OODO fysec=6371@i 


On thi screen we have VUihScope's 
Trace and Parametef Windows after a 
crash. We're shnwing Debug Kernel 
Messages (in red)^ Toolhelp Nntifi- 
cations (in green), and the star cf otir 
shew, APIs Tm bhie). WlnScope Knows 
all and tells afl, indudiig parameter 
nanes! 


MefrigeUfl Hook List S%ak[poht List Window List MockjleliX API Uu 


lstrcainpszStrintit =1F4F:60BC, lpszStfing2=1EE7:0162] 


® 1 Parameters 

□ 

n 

E 

CRASH2.TRC 

□ 

D 


llpszStringl = 1F4F;6DE 

|7| 

1 t Kernel: PBRUSHX: re«4liig resource StrIng.lA (uaec=ia8l] 

in 


S potlight problems ot the Windows API level. 

You’ve traditional register and source level debug¬ 
gers for a long time. You’ve found these debuggers 
great as far as they go, but their limitations in the 
event-driven Windows environment have added more 
frustration (and hours) to your programming life than you care 
to think about. Traditional debuggers just don’t give you the 
high-level perspective you need to figure out what’s going wrong 
in the Windows environment. And baause they’re intrusive, they 
often change or destroy the very clues you need to find the source 
of a problem. 

If you’ve been dreaming of a debu^er that can watch what’s 
going on when your program runs, without interfering... a debug¬ 
ger that can lead you to the source of problems at the API level, 
showing you a history of pertinent Windows events (API calls with 
Parameters, Messages, Hooks, Toolhelp notifications, and Debug 
kernel messages)... your dream just came true. 


Discover the secrets of Windows. WinScope is not just an API level 
debugger. It’s also a Windows discovery tool that takes you behind the 
scenes of Windows itself, to show you how it works, and how other 
Windows applications do things. When you use WinScope, there are 

No More Secrets™. _ 


NEW LOW PRICE, 
ONLY $149. 

CALL 800/722-7006 
TODAY... 

(60-DAY MONEY BACK 
GUARANTEE) 


COniPUTE 

CHOICE 

AmRD 


FINALIST 


mdows 
Tech 



^plmSccfjpe 


^ 9 a 

-WINNER- 
PC MbsozIim Atimta 
rofTecruiioel gxwlietwi 



DE^IELOPMEMT TOOLS 
winscDtM.vereteift 1.1 
Tbe PiBrianpe Cwnpany bit 


THE PERISCOPE COMPANY, INC. • 1475 PEACHTREE ST., SUin 100, ATUNTA, GA 30309 USA 404/88S-533S FAX 404/S0S-S520 800/722-7006 


MICROSOFT 

WINDOWS 

COMPATIBLE 













































FUZZY LOGIC 


Are you 
avoiding 
version 
control? 

Version eon trot isn't just for teamsl 
If youVe ever accidentally deleted 
source crucial to a project, or 
introduced a bug into working code, 
you know you need a version control 
system. Until now VCS's have been 
expensive and notoriously difficult to 
maintain. Introducing Source Control: 
finaDy, Individual pro^ammers can 
track incremental code changes, just 
like large companies do for their most 
important projects! 

Think of it as object-oriented 
version control. 

Source CoritroVs "project orientation" 
will take full advant^e of your object- 
oriented code by allowing you to snare 
code among active projects. 

Developing for multiple platforms? 
SoiiJice Control is available now for DOS, 
Windows, NT, Macintosh, OS/2 and 
UNIX. All of these versions are 
transparent across a network so you 
can work with one integrated code base 
rather than managing time consuming, 
unnecessarily redundant systems. 

ff you are part of a team,,. 

Source Control ^ows easily to meet the 
needs of team development. A single 
user can get started lor less than $300 
(list price) and licenses are available in 
increments of five, ten and more. You 
can economically Install Source Control 
on your server and get instant, 
project-wide status reports. Find out 
the who, what, where and when of each 
component as you speed your team to 
that final build deadline. 

Upgrade from PVCS! 

Make a quick transition from your 
current configuration management 
system with Source Contrors PVCS 
conversion utility. Add Powerline's 
make utility, Source Make, and 
automatically update files without time 
consuming manual check-in/check-out 
procedures. Start on your way to a fully 
integrated configuration management 
system! 

Call for more informationf 

Powerline Software is dedicated to 
providing a suite of compiler and 
platform independent developer’s tools, 
including Solifr^? Print+. for source code 
management and Source View, the 
run-time debugger for C and C++, 


SOURCE CONTROL 





1306WesLcjnAv>cnuc, Suite 203, Seattle. WA 98101 
206-623'9204 voice 206 467 6561 fax 



rule 1: IF (angle is NL) AND (velocity is 2E) 
THEN (force is PL) 


Figure 4: Sample rule used to develop 
Figure 3- 


fuzz 60 125 
angle: Value=60 

NL; Value 21 Left 0 Right 63 
NM; Value 203 Left 31 Right 95 
NS: Value 0 Left 63 Right 127 
ZE: Value 0 Left 95 Right 159 
PS; Value 0 Left 127 Right 191 
PM: Value 0 Left 159 Right 223 
PL: Value 0 Left 191 Right 255 
velocity: Value-i2S 

NL: Value 0 Left 0 Right 64 
KM: Value 0 Left 31 Right 95 
NS: Value U Left 53 Right 127 
ZE: Value 210 Left 95 Right 159 
PS: Value 0 Left 127 Right 191 
PM: Value 0 Left 159 Right 223 
PL: Value 0 Left 191 Right 255 
force: Value=134 

NL: Value 0 Left 0 Right 63 
NM: Value 203 Left 31 Right 95 
NS: Value 0 Left 63 Right 127 
ZE: Value 0 Left 95 Right 159 
PS: Value 0 Left 127 Right 191 
PM: Value 203 Left 159 Right 223 
PL: Value 21 Left 191 Right 255 


Rule 

#1: 

21 210 21 

Rule 

fr2: 

0 0 21 

Rule 

i3: 

203 210 203 

Rule 

#4; 

0 0 203 

Rule 

#5: 

0 210 0 

Rule 

#6: 

0 14 0 

Rule 

#7: 

0 0 0 

Rule 

#8: 

0 210 0 

Rule 

#9: 

0 0 0 

Rule 

1^10 

0 210 0 

Rule 

#11 

0 14 0 

Rule 

#12 

0 0 203 

Rule 

#13 

203 210 203 

Rule 

#14 

0 0 0 

Rule 

#15 

0 210 0 


Fi^re 3: Output generated ivith a 
scaled angle of 60 and scaled velocity 
of 125. 


^include <etriug.h> 

^define max(a.b) {a<h ? b ; a) 
ttdefine mln{a,b) (a>h 7 b : a) 
struct io_type *Syateiii_Inputs: 
Btruct io_type *SyatOutput: 


Example 1: Adding the ^include, 
global pointers, and macros. 


(continued from page 60) 

After using the code with various in¬ 
puts, we needed to add error traps be¬ 
cause we were getting core dumps with 
certain input. These were caused by di¬ 
vision by zero when there were no rules 
in the set to cover the condition, Con¬ 
sequently, we added the code in Ex¬ 
ample 2Ca) to the original function de- 
fic^fcationO. We also added Example 
2(b) to mle_evaluatton(). 

After using the code 
with various inputs, 
we needed to add 
error traps because 
we were getting core 
dumps with 
certain input 


To further illustrate how you can 
use the program, assume the scaled 
angle of 60 and a scaled velocity of 
125 as in Figure 5. The line force: Val¬ 
ue ^134 reflects the defuzzified and 
scaled single-valued output for the 
two inputs. It would be instructive to 
interface this program to a graphics 
output device where a loop could be 
created and the inverted pendulum 
balanced. Alternatively, a batch file or 
shell script could feed new inputs and 
use the output to generate the two 
new inputs, storing intermediate data 
in a file. Or, you might try graphing 
the trapezoidal output areas made on 
each iteration. 


DDJ 

(Listing begins on page 101.) 

To rate for your favorite article, circle iiiquiiy no. 6. 


(a) if Cfium_of_areaa==0} 

C printf ("Sura of Areas = 0, will cause div errorXn^V): 
print f ("Sum of Pro4uct0= %d\n".stjiii_cif_ptoduc!tE)i 

ao->vfllue-0: 
return: 

] 

(b) int noinatch=0: 

for Ctp=nile->then_Bide:tpl-NULL ;tp=tp->next) 

C * (tp->value)=mx( 0 treiigth, + (tp->value)); 
if (strength >0)noiTiatch=l; 

1 

1 

iftnoinatch=0)prijitf{’'NO MATCHING RULES FOUND iV'); 


Example 2: (a) Code added to the original function defuzzification(); (b) code 
added to rule_evaluation(). 
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Mroducing EasyCASE^il 
for Mfidows: Workgroup Edition 


/designing complex systems witli teams can spawn its cfwii 
set of challenges. But with the new EasyCASE Workgroup Edition, 
you caji aftord to give your enHre d^miment the tools it needs 
to build easily maintainable systems. Based on EasyCASE 
4.0 for Windows-Ztete BcmiAdvisor magazine’s Best , 
GASE/Desi^ Tool for 1993-EasyCASE Workgroup 
Edition offers you concurrent, multi-user access to shared 
projects on your network server. 


Breed sound design and security, team-wide. 

You’ll get locking at die chart, data-dictionary record 

level and project-wide level; user passwords, permissions; read-only 

and lockout modes; plus access contml. 


Develop client/server database systems 
with the schema generator. 


Easy to master in Microsoji ® Windows/ 

Enjoy a consistent graphical user interface; object-oriented editing; 
easy chart linking rules; integrated data dictionary, r^rts and 
analysis. First-time users become productive quickly with a tutorial, 
on-line help, methodology guide and sample projects. Also available: 
EasyCASE 4,0 for MS-DOS ® (single user version only). 



The highest quality 
systems for the lowest 
cost per seat. 

EasyCASE is die undisputed 
price/perfomiance leader. 


No other product in its 
category gives you so 
much value, power, flexibility 
and return on investment as EasyCASE Workgroup Edition. Over 
12,CXX) users worldwide rely on EasyCASE to assure liiglier quality real¬ 
time and infomiaiion systems. Fact is, you can’t afford not to have it. 


You won’t pay extra for our schema generator. Use it for 
xBASE(dB^E lU/TV, FoxPro, Clipper, Paradox), plus a wide range of 
SQL databases (Oracle, Ingres, hiformix, XDB, Progress, DB2, 

Sybase, SQL Server, Watcom SQL, SQLBase, etc.) Yon can even 
reverse engineer xBASE. EasyCASE is also helpful in client/server 
application development 

Arm your team with the most methodologies, 

EasyCASE gives you the hrgsst selection of structured analysis, 
design and data modeling method¬ 
ologies available in cm tool: 

Yourdon/DeMaroo, Gane & Sarson, 

SSADM, Waid-MeUor, Hatiey, Youidon/ 

Constantine, Martin Inlbrraation 
Engineering, Shlaer-Mellor, Chen, 

IDEFlX,andMerise. Plus a powerful 
data dictionary repository with 
extensive reporting capabilities. 


Look for these features coming soon. 

Enlianced dienl/server support, reverse engineering •Evei'gl'Oeil 

of SQL, links to PowerBuilder ™ and SQLWindowsr [: CASE 
object-onented methods, version control, 32-btt . T(X)Ls 

version and OLE, Call for availability. ^ — 

"EasyOiSEs ex(/ptional ckrting bols, and numerous 
supportedprocess and data methodologies put the 
product well above the pack for products in this price 
category. ..The combination of useful CASE tool 
functionality and low price makes 
Only EasyCASE Eas)>CASE 4.0 a winner! '-k -m 

Building §iVCS all this For l^ice and product information,call: 

Y)iir Blueprint" fo 1-800-929-5194 

for Better System outs^ ibe as., f206) shi- 5M9 

l54tbAtte. NE, Rec^iond, WA 98052 
FAX:m6) 8E3-7676 


EasyCASE 




"V Befoi^ your team hatciies another system d^ign, 

/ makesure it’s equipped to avoid problems, not multiply them, 


r Jr ^MIP'SrCLE no. 48^N,ljiADER SERVICE’ 

j 93 by Eveijpmi CASE TobWitic. EasyCASE Is a n^gistered CASE TooLs, 


jiftJlKrty 


































EMBEDDED SYSTEMS 

Digital I/O 
with the PC 


Putting the parallel port 
to work 


Brian Hook and Dennis Shuman 


D ata-acquisition and analysis is of¬ 
ten perfbnned with dedicated, pro¬ 
prietary, and expensive laboratory 
instruments. However, the PC's 
open architecture makes it a cost-effec¬ 
tive alternative for many data-acquisition 
and analysis projects. One paiticular pro¬ 
ject we developed at the Acoustic/Hlec- 
tronic Insect Detection Diboratoiy^ at the 
United States Department of Agriculture, 
Agricultural Research Service facility in 
Gainesville, Florida required just such a 
system. The system is an integrated 
hardware/softw^are seWip that allows for 
digital input and output in a low-end PC 
configuration. ITiis article describes wiiat 
we learned while implementing digital 
I/O via the PC’s parallel port. 

The system, Icnown as ''EGPrC’" (Elec¬ 
tronic Grain Probe Insect Counter), 
checks for insects in stored-gmin bins 
and elevators. It does this by electroni¬ 
cally sensing insects that crawl into spe¬ 
cially designed probes placed at a num¬ 
ber of kx:ations in the grain mass. The 
hardware side of the EGPIC is respon¬ 
sible for detecting an insect and gener¬ 
ating the appropriate signal for some 


Brian is a programmer al the USDA 
dei^loping data-acquisition and anal¬ 
ysis softii)are. He can he reacted on 
the Iriiernet al hwh@cisj{Jledu or on 
CompuSefve at 72M4^3662, Deimis, a 
reseaj’ch scientist at the USDA, deml- 
ops electr‘onic/accoustic systems to de¬ 
tect insect pests in agricultural com¬ 
modities. He can be reached at USDA, 
ARS, 1700 SW 23rd Dr., Gainesmlie, FL 
32608. 


digital-input computer interface. The 
software is responsible for reading, an¬ 
alyzing, displaying, and storing the col¬ 
lected data. We selected the PC as the 
host system for the software because of 
iLs wide, low-cost availability and pro¬ 
fusion of development tools. 



Given the.se design criteria and the 
cost and compatibility constraints, tlie 
final specification sheet for our digital 
input and output (DIO) interface was 
as follows: 

• Simple interface to a PC. 

• Multiple digital input lines. 

• InterrupU on-input capability. 

• At least one digital output, preferably 
more than one. 

• Compatibility and availability acroSvS a 
wide range of platforms, including 
ISA, EISA, and Mt^A buses. 

• Relatively low^ cost. 

Digital I/O Options 

The PC architecture has a wide variety 
of input and output techniques avail¬ 
able to it, from specialized DIO boards 
to the relatively crude game port. Each 
has scMne advantages and disadvantages 
for tliis type of system. 

Specialized DIO boards are available 
for the PC, typically as 8- or l6-bit ISA 
boards with 48 1/6 lines, configurable 


to generate interrupts on one of several 
different IRQs. While nearly ideal 
feature-wise, these boards are relatively 
expensive—from $40 or $50 to more 
than $1000. Even with the inexpensive 
boards, this cost becomes significant in 
high volumes. In applications using from 
9 to 96 probes, EGPIC has been con¬ 
figured for use with these DIO boards. 
However, when only one to eight 
probes are needed, the DIO board is 
un^ecessap^ Also, since these boards 
require a free bus slot, some systems, 
such as laptops (a likely taiget platfomi), 
would be excluded from using EGPIC. 

Tlie PC’s standard RS-232 serial port 
is suitable for this type of appEcation, 
hut die external EGPIC hardware would 
require an extra translation layer to gen¬ 
erate lUS-232-c’t)mpatible bit streams from 
die eight digital inputs. Tills method is 
suitable for very large systems requiring 
hundreds or tliousands of probes, but is 
unnecessarily complex for smaller-scale 
systems. 

Among other deficiencies, neither die 
keylioard input nor die game port offer 
output capabilities, ruling out their con¬ 
sideration as suitable I/O interfaces for 
EGPIC. 

This leaves the PC’s printer parallel 
port. Like a dedicatecJ DIO card, it offers 
digital output lines and interrupt-on- 
input capability (using either IRQ 5 or 
7). Unlike DIO cards, it’s available for 
all PC platforms ^ind is relatively inex¬ 
pensive. file parallel port's only short¬ 
comings are that not all implementations 
have input capability and the port may 
already be in use by another device, 
likely a printer. However, many systems 
have two parallel ports; if not, a second 
parallel port is an inexpensive addition. 
And as for the lack of input capability, 
after some software tricks, a 100 percent 
compatible PC parallel port can, in fact, 
lie used for up to 8 bits of digital input. 

Programming the Parallel Port 

To illustrate the programming tech¬ 
niques discussed in tliis article, fve writ- 
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you seen me? 

few* 

'^oitor for Dos 

3/26/9, 


Considering 
desperate 
measures .> 


No need, when Codewright 
has what you are looldng for. 


Today’s technology in a Programmer’s Editor 

Splitting %vindows and column blocks were *'hot technolog^^” in 
1985. If you need today’s technology for today’s platform, 
you need Codc'WTight. With Codewright, you get the power of 
Projects and Workspaces, Color Highlighting, and a Class 
Bro\\^cr mthout confining yourself to an IDE, 

No IDE confinements 

CodewTight leaves you free to use a variety of tools. It provides 
Muld-languagc support. Version Control support, Multi-file 
operations, and. most importantly a very powerful editor 
Configure or extend it to fit your every need. 


Codewright makes switching painless 



WIN 


“,..a programmer’s dream” 

Richard Hale Shaw 
PC Magazine, Oct 27th 1993 


In addition to CUA, Codewright can emulate other 
editors, including BRIEF, Epsilon, vi and WordStar. It 
can even run most BRIEF macros. Use it with your help 
files. It even integrates mth your IDE so you won’t feel 
like you’re missing anything. 


Codewright empowers you 

Like the finest editors of the past, Codewright empowers you 
with configurability and extensibility. In fact, our simple DLL 
interface makes Codewright the most extensible editor available. 
Codewright also empowers you with a Hex editing mode, 
Selective Display mode, side-by-side File Comparisons and 
Difference Merging. 


Give us a call 

Tiy^ CodewTight now, at our risk, and you’ll see you don’t 
have to get desperate to find what you need. It’s right 
here in Codewright. 



pumuL 

Pre^aCorpCiradim 

Portland, Oregon 97229 USA 
Pax:l-505^]-mi Ph(me:im^4Um 




Cfcdc^Tisihr " 

{mil} 

ftrid' 

# of Dies 

Unlimited 

128 

LFnUmitec 

k^&tiDke record and playback 

Yes 

No 

Yes 

Multi-buffer search and replace 

Yes 

No 

macro 

Language templates 

Yes 

' No 

Yes 

Multin^ompiler/language support 

Yes 

1 No 

Yes 

Smart indenting 

Yes 

No 

Yes 

Selective display mode 

Yes 

L 

No 

Hex display/edit mode 

Yes 

^No 

No 

Project support 

Yes 

Ye^s 

No 

Version control integration 

Yes 

No 

Yes 

File diferencing and merging 

Yes 

No 

No 

Drag and drop text editing 

Yes 

No 

No 



for Windows 
and Windows NT 

Editor of Gftoics for Prof^ibmi Prcigriimmers 


Your choicri 

Windows or Wi!i32 version 
Same price. 

Single-user License: 


$249 


Vohiffle discounts and siie licenses available. 
(M forinfcumaiion 


CALL NOW! 

1 - 800 - 547-9902 


F^mla Ja s realstered irstfeniar*; oj Pfcmia CorpiKalwn CoUewri^tit te a tiademark a( f remla Cwporatlon. BrJel Is a fegistefed ttttteluark ot Borland inlerdanonal. 
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VISIONNMRE™ 

Creating software programs with just the right fit for your 
customer's needs is what VISIONNAIRE software is all 
about, A high-quaiiiy specification development tool, 

VISlONNAIRE's interactive multimedia environment enables 
animated modeling of systems, products and services. The 
result is higher quality functional specs, enabling more 
effective test planning and implementation. That increases 
your productivity by cutting costs and decreasing lengtliy 
development intervals. And VISIONNAIRE can also reduce 
the sales cycle, since it's very skillful at getting across the 
features and benefits of pnxlucis difficult to demonstrate. 

For software that shows what you're thinking, call 
] 800 462-8146 or fax 1 908 580-6355. 

SOFTWARE SOLUTIONS GROUP 

hinomtion you can depend on. 
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A fully compatible, ROMable DOS for embedded systems 


Gives you MORE... 


► 

► 

► 


More Embedtled Tools: ROMable EXE's, Automated BUILD Configuration, 
royalty free minlBIOS, optional data compression and PCMCIA support. 


More Flexibility: Configure ROM-DOS the way you want. Device 
drivers in source let you support non-standard features or calls. 

More Support: Our technical staff assists you until 
your system is up and running, even on non-DOS issues. 

and LESS... 



It runsvsdth 
NetWares 


Less ROM aaORAM Used: ROM-DOS is hah the size of MS-DOS® 

Less Money per Copy: Save up to 80% compared to MS-DOS. 

^ Less ff/SSlr: No-nonsense 90 day, 100% Money Back Guarantee 
on ROM-DOS Software Developer's Kit, 


FREE Bootable Demo Disk! Call 1-800-221-6630 

307 N. OLYMPIC, SUITE 201 • ARLINGTON, WA 98223 USA • (206) 435-8086 • FAX: (206) 435-0253 


=DcitaUght\ 


(continued from page 64) 
ten the Parallel Port Digital Input Out¬ 
put (PPDIO) package, a rudinr^ntary set 
of C fijnctions that allow for reading and 
writing to the parallel port and installing 
an interrupt-service routine OSR) to han¬ 
dle incoming data on the parallel port. 
Listing One (page 103) is PPDIO.H; List¬ 
ing Two (page 103) is PPDIO.C. 

The parallel port is programmed via 
three separate I/O registers: the input- 
only data register, the output-only sta¬ 
tus register, and the input/output con¬ 
trol register. The addresses of these 
register ports differ depending on the 
machine, but they are usually offeet from 
0x378, 0x278, or 0x3BC. The base ad¬ 
dress for a particular LPT port is stored 
in the BIOS data area. The PPDI0j3et- 
IptAddressO routine shows how to re¬ 
trieve this information. 

The data register (see Figure I), lo¬ 
cated at the parallel port's base address, 
takes a standard bit mask that indicates 
which pins should be sent high and low. 
Sending infomuition out the parallel port 
is accomplished with a simple OUT In¬ 
struction. PPDIO_SendByte() handles 
this. Tlie parallel port transmits this byte 
until told to transmit a different one, 
making digital output a trivial task. Note 
that while we can tlteoretically read the 
data register with an IN instruction, the 
byte read won't be incoming data—^it 
will be the most recent data transmitted, 

llte data register c'an'L be used for in¬ 
put, so we must use botli the status and 
control registers; see Figures 2 and 3 for 
tlieir respective layouts. Reading the .sta¬ 
tus register is very straightforward, but 
keep in mind that the logic of pin 11 is 
inverted, 

Tlie control register is nominally an 



Figure 1: IMta register (base 
a4dress'\-0 ). 



Figure 2: Status register (base 
address+1). 


66 


CIRCLE NO. 310 ON READER SERVICE CARD 


Dr. Dobb'sJournal, April 1994 























Make it fly. Paradigm DEBUG 


Looking to soar with 
ease through the 
toughest debugging 
scenarios? Whether 
running stand-alone 
with your target sys¬ 
tem, or as a front-end 
to your favorite in- 
circuit emulator, we have a version of Paradigm 
DEBUG that has what it takes to help you 
reach into the design stratosphere. 

Paradigm DEBUG teamed with Paradigm 
LOCATE - you've got it aU. Intel 80C186Ex or 
NEC V-Series microprocessors. Borland C-l-H 
and Microsoft C/C++ compilers. Stand-alone 
or hardware-assisted debugging. Unlimited toll- 
free technical support. Satisfaction guaranteed. 

CIRCLE NO. 789 ON READER SERVICE CARD 


No one else even comes close to providing the 
total solution that Paradigm has delivered for more 
than two years running. 

So whether you're currently stuck on the ground, 
or getting ready to launch a new application, give 
the embedded system design experts a call. We’ll 
rocket you the complete details on Paradigm 
DEBUG and see about getting you your own set 
of wings. 

PARADIGM 

Proven Solutions for Embedded C/C++ Developers 

1 - 800 - 537-5043 

Paradigm Systems 

3301 Country Club Road, Suite 2214 
Endwell, NY 13760 

(607] 748-5966- FAX: (607) 748-5968 

All trademarks are property of their respective holders. 
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Pjn/Functlon 

Logic 
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1 

0=TRUE 

1 

14 

0=TRUE 
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1=TRUE 
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17 

0=TRUE 

4 

IRQ enable 

1=enabted 

5 

(reserved) 
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(reserved) 

““ 

7 

(reserved) 
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Figure 3: Control register (base 
address ^2). 


(continuedfrom page 66) 

Qutput-onJy register, but by taking ad¬ 
vantage of the four output lines driven 
wilh open-coileaor drivers, we can force 
the control register into giving us input. 
If we produce a high 'HX logic level at 
die contrcil register's corresponding pias, 
we can drive the pins low via incoming 
signals. 'I'hus, by setting die appropri¬ 
ate bits of the control register, the pins 
can be used as input. TXis is handled 
transparently when PPDIO_InslaU}SR( ) 
is called. 

Reading the control and status regis¬ 
ters is accomplished by an IN instme- 
tion at the pcjrt's base address and rel¬ 
evant offset. The routines PPDIO_ 
ReadStatHsRaw() and PPDIO_Read- 
ControlPawf ) illustrate how to accom¬ 


plish this. Because several of die input 
lines have negative active logic placed 
upon them by die pai-allel port, helper 
functions that ti’anslate negative logic 
would be useful. The routines PPDIO_ 


Like a dedicated 
DIO card, the PCs 
parallel port offers 
digital output lines 
and interrupt-on- 
input capability 


ReadStaiusCooked() and PPDlO^Read- 
ControlCooked() provide this function¬ 
ality, along with converting reserved and 
unused bits to 0, 

Intemjpt-driven Communicotions 

Now that input and output have lieen 
addressed, all that’s left is making the 
comniLinications interrupt-driven. The 


parallel port’s input lines could be polled, 
however, tliis would be cumbersome, 
time consuming, and error-prone. Hav¬ 
ing an interaipt generated whenever a 
digital line is sent high is a far more eh 
egani means of input detection. 

Assuming the target usysteni supports 
it, interrupt-driven input on the parallel 
port is actually not very complicated to 
achieve. First, die control register must 
have its interrupt-enable bit set. Next, 
an ISR must be installed in the DOS in¬ 
terrupt veaor table for the appropriate 
IRQ. Finally, the port’s IRQ must be un¬ 
masked from the 8259 Programmable 
Interrupt Controller’s interrupt-enable 
register. All of this is demonstrated in 
PPDIOJmtalllSR( X 

While programming in an intecTupt- 
driven manner is theoretically simple, 
hardware support can be shaky. The 
printer port has traditionally utili7j^ IRQ 
7, but IRQ 5 isn’t unconunon eitlier Even 
worse, some machines eidier have the 
parallel-port interrupt disabled altogedv 
er or have an alternate device (such as a 
network or sound c'£ud) using its IRQ. To 
compound matters, diere’s no ctasy way 
to detect wHch IRQ a given base address 
or LPT port corresponds to — tills must 
either lx; known by the user or deter¬ 
mined empirically by die progmm. 


Real-Time Mul titaskin g 

for Microsoft C, Borland C, Borland Pascal 


Develop Real-Time Multitasking Applications with RTKemel! 

RTKernel is a professional, high-performance real-time mullftashing kernel. IL runs under 
MS-DOS or in and supports Microsoft C, Borland Borland'Turbo Pascal, and 
Stony Bnook Pascal. RTKemel is a librarv can link to your application. It lets you run 
several bnetfons/prooedures as parallel tasks and offers the following advanced features; 


' pre-emptive, evenVintBrnjpt-driven 
Bcheduiing 

■ number of tasks only limited by RAM 

■ task-switch time ol 6 p s (33-MHi 48€) 

■ up to 64 priorities (changeable at run-time) 

' time^slicing can be activated 

■ timer interrupt rate of 0.1 to 55 ms 

■ high-reseletian interval timer (1 \i s) 

■ activate or suspend tasks out of 
interrupt handlers 

► programmable irrtefruiDt priorities 

► intertask Dommunications using sema¬ 
phores, mailboxes, and message-passing 

• keyboard, hard disk, floppy disk idie.times 
usable by other tasks 

' rntern^ handlers for keyboard and COM 
ports irrclnded wilh source code 


" supports up to 36 COM ports 
(DigiBoard and Hostess boards) 
pratocols XOnflCOff, DTR/DSR, RTS/CTS 
lull support of MS1655D UART chip 
supports math coprocessor and emulaior 
fast, inter-network communication using 
hlovetl's IPX services 
runs under DOS, LANs, or without OS 
cait DOS without re-entranoe problems 
resident multi-tasking appilcaiions [TSRs) 
runs Wi ndows or DOS Ejetenders as a task 
supports CodeView and Turbo Debugger 
Kemei Tracer for easy debugging 
ROMahle 

full source cede available 

MO run-time reyafites 

tree tectinical support by phone or fax 


RTKemel-C 4,0....... $495 RTKemeJ-Pascal 4.0.$445 

C Source Code: add $445 Pa^al Sou rce Code: add $375 

fnternational orders: add $30 shipping and handling. MasterCard. Vea, check, bank transfer accepted. 


ite iM 



SfSfrnm - 

Professional ProQrarnming Tc>ol$ 


In North America, contact: 

LEL Computer Systems 
20 Car^terbury Ct, - Setauket. MY 11733 
USA - Compti^e 73313,3177 
Phone (516)473-81 }9 * Rax 331-0706 


Outside North Americci. contact: 

On Tinne Nlarfcetlir»g 
KarollnenEtrasse 32 - 20367 Hamburg 
GERMANY - CompuServe 100140,633 
Phone ^49 - 40 - 43 74 72 ■ Fox 43 51 96 


MS-DOS 6.2 


Now embedded systems developers can get MS-DOS 
6.2 licenses from Annabooks, even in small quantities. 
And now you can also license Windows 3.1, Windows 
for Workgroups 3.11, and Windows NT from us! 

We also have new lower prices for MS-DOS 3.xx, 4.xx, 
and 5.0. If you need to build diskless sytems, PromKit 
will let you boot from ROM. And some of these MS- 
DOS versions even execute out of ROM, if that’s what 
you need- 

call now for more information about OEM Developer’s 
Kits, PromKit, and license procedures and costs. You 
will be amazed at how easy it is! 

Annabooks Wq accept Visa, 

MasterCard, AmEx, 

11848 Bernardo Pisza Ct, Suite 110 company POs 

San Diego, CA 92128-2417 

1-800-462-1042 619-673-0870 619-673-1432 FAX 

MferoEoft and are trtidemarKE ert Microsoft Qorporation 
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80C196 


In-Circuit Emulators 
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On line help 
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FEATURES: 

• Support for 80C196: KR/Q/T/C/D, JR/Q, NQ/T & more. 

• Real-time emulation at maximum chip speeds. 

• Use of bond-out chips for accurate emulation. 

• Hosted on PC's and workstations. 

• High Level support for popular C-compilers. 

• Unlimited hardware breakpoints. 

• Break in real-time on Internal Access, both on data 
value and address, 

• Trace board up to 512K deep, 104 bits wide, with 40 
bit timestamp. Triggering and filtering with full 
instruction queue decoding. 

• Memory contents shown during real-time emulation 
(Shadow RAM), 

• Code Coverage and Program Performance Analysis. 

• CCB's controlled from user interface. (Wait states, 
timing mode, bus width and more.) 


Also supported: 


8051 68HC11 
68HC16 683xx 


To learn more, please call (408) 866-1820 for a FREE 
Demo Disk. For more information via your Fax, call our 
24-hour Information Center at (408) 378-29J2. 

51 E. Campbell Avenue 
Campbell, CA 95008-2053 
Fax. (408) 378-7869 

Tel. (408) 866-1820 

Argentina 1 312-1079, Australia (02) 654 1873, Austria 0277 20-0, Benelux (01858) 1 6133, 
Brazil (01 IMS8-8755, Canada 1-514-689-5089, Oechaslovakia 0202-2683, Denmark43 44 
60 10, Finland 90-4526-21, France [1) 69 41 28 01, Germany 49^7043-40247, Great Britain 
0962-733140, Greece 1-924 20 72, India (0212) 422164, lsraeM03) 491202, Italy (011) 
437 IS 51, Korea (02:1 784-7841, New ZeaJarxi 09-3092464, Norway 22-67 40 20, 
Portugal 01-00 95 1 8, Romania 961-30078, Singapore 749-0870, 

S.Afrtca (021) 23-4943, Spain (93) 276 22 69, Sweden 040-92 24 25, SwitzaHand 01-740 41 05, 
Taiwan 02 7640215, Thailand (02) 281-9596. 
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p Genptata portable C sotjrce, uri!qutf^#|^cjde 

fuzzyj2l^iiW>ry ' '•" 

^ Uae^y detoajm^smu^^^ 

.. qrarnbadde^/sysl^:: .. • ' 

13 Provides 3 rascal an?nufii|t^ iSapi^ll^ and- 
/GUI [Using Microsoft Wirklowsftm) 

^ Y^o rpyalty cr Rf^rtse fees for ^ertarated oulput 

® ol^ $3M:otf|^G^Hor [nforraaijon today 

® AdiTOinaf-O^and DLL capability auaiiable 

B Byte DynamicSp IneT 

1460e E. Olympic Ave. ( ( 
Spokane. VVa. 99216 \ J 

S^-- Call: (800) 233-2983 V 
Fax:(509)926-6130 


Fuzzy Logic 
^ Designer 


The tool to use tor applied feizzy logic, 
_ hot hazy leones 

Now with neural mie weights - 


* Custom software development available * 


CIRCLE NO. 324 ON READER SERVICE CARD 


In-Circuit Emulators 

Development tools for the most demanding 

8051 
80196 
80186 
HPC + 

Z8 
8085 
DSP’s 

« Unparallelsd features 
m HLL debugger with locals support 
m External unit, no plug-in cards III 

• High speed download (64k in t2 sec) 

• Banking support for > 64KB operation 

see Ihe difference - free 2 week trial 

SIGNUM SYSTEMS 

Mountain View^ CA f Thousand Oaks, CA. 

( 415 ) 903-2220 ( 805 ) 371-4606 
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EPROM Emulator 
You Can Get Today 


- Emuljtei tip to eight ■ Accepu inteJ He*, 
4 -Me gabit EPROMS through Mcstardia S-Ricord and 
one Aiimiard 1C rial port Sinara filei. 


■ Down I Old I 2-M«g4bit 
prOgFArni in Lest than 23 
tecondi 

* EwmYineindmodKyiFKjividuel 
bytes or btocks. 


> Software available for 1EM 
PC and compatibles. 

■ Bih 2 72S6 EPROM 
Syitent S39S.DD. Other 
configurations available. 


Ci 


Incredible Technologies, Inc, 

Visa, MastErcard and American Express ACCOpCcd 


Order Now-It’s 

101870-7027 Or Fax l7OB|870-Dt2O 


IVtBre Infermatloa 
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(continiied from page 68) 

To solve this problem, EGPIC uses a 
simple call-and-acknowledgment meth¬ 
od of IRQ determination. This involves 
installing ISRs at IRQs 5 and 7, "calling" 
the EGPIC hardware (wliich acknowl¬ 
edges the call by generating an inter¬ 
rupt), then seeing which ISR is called. 

By taking advantage 
of the four output 
lines driven with 
open-collector 
drivers, we can 
force the control 
register into giving 
us input 


If no ISR is called, either another IRQ 
is in use (doubtful, since the PC indus¬ 
try has lairly well standardized on IRQs 
5 and 7 tor hie parallel port), or no IRQs 
are being used for the parallel port. IPs 
simpler to have the user input which 
IRQ to use, but this demands a higher 
level of user knowledge dian the appli¬ 
cation may reauSonably assume. An in¬ 
teresting secondary use of this call-and- 
response procedure is for hardware 
testing—if a probe is known to be in¬ 
stalled and fails to generate a response 
when requested, then that probe must 
be malfunctioning. 

Intermpts are generated via pin 10, 
ncjrmally a printer's ACK line. A liigh- 
line level sent to pin 10 results in an 
interrupt being generated, assuming 
that all other relevant setLip has been 
done. 

During the development of EGPIC we 
fecund that lx)th cable lengtli (from the 
pro\y^ to the computer) and inteiTupt la¬ 
tency played a role in determining 
whether a signal actually existed at tlie 
inputs when the ISR was called. With 
long cable lengths and a fast computer, 
it was possible for some inputs not to be 
updated by the time the ISR was exe¬ 
cuted. Conversely, with a slow comput¬ 
er it was possil>le for the signal to have 
come and gpne (depending on the length 
of the genei-ated input) by tlie time the 
ISR was called. These timing problems 
can be compensated for in hardware, but 
not knowing of their existence can lead 
to some rather irksome bugs. 


0 


Pofenttal Problems 

Tw^o particularly bothersome problems 
came to light while developing the 
EGPIC system. 

First, if the interrupt lines weie allo?ved 
to float while the system was collecting 
data, the PC would likely lock up. This 
is because a floating line will often fluc¬ 
tuate between TTL TRUE and FALSE, 
causing thousands of interrupts to be 
generated every second, freezing up the 
system. Something as innocuous as ac¬ 
cidentally pulling a cable loose or turn¬ 
ing off die input hardware may cause 
a system lockup. 

The second problem is that not all PC 
parallel ports are identical. Sonr^ paral¬ 
lel ports deviate considerably from the 
original PC's design, rendering this type 
of specialized input and output—which 
assumes 100 percent hardware compat¬ 
ibility— impossible. Unfortunately, only 
trial and error will determine which sys¬ 
tems are nonstandard. 

Conclusion 

Listing Three (page 103) is DIO.C, a pro 
gram that implements simple intermpt- 
driven DIO with the parallel port. By it¬ 
self, DIO.C is fairly useless—consider 
it more of a basic framework to draw 
upon than a real program. Any program 
tliat would use tliese routines woulci re¬ 
quire some amount of custom hardware 
and software design. 

At first glance, the antiquated design 
of the PC parallel port seems highly 
limited, but it can quite easily be con¬ 
figured as an inexpensive digital input/ 
output interface. The hardware re¬ 
quired is minimal: a one-shot circuit 
per channel and a single interrupt line 
for the logical OR of all the channels. 
The software, as demonstrated in this 
article, is quite simple and easily cus¬ 
tomized for specific applications. In our 
case, the parallel port satisfied all of 
our requirements superbly, enabling 
the EGPIC project to be both com¬ 
pleted in a timely and cost-effective 
manner and distributed across a wide 
range of systems. 
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P ’ Let DiaD Data’s D-TECTIVE 

Read Your Bugs Their Rights! 


’ . -r- ' . ^ 'i ' 

Are yoiir efforts to get production-quality software 
out the door being dogged by suspicious, recur¬ 
ring, and persistent bugs? Put Diab Data’s 
D-TECTIVE on the beat! 

D-TECnVE is the latest word in GUI, multi¬ 
tasking, multi-target, remote, source-level 
debuggers for Motorola’s 680x0 and CPU32(+) 
family of embedded controllers and microproces¬ 
sors, and it runs on the most popular platforms, 
in-circuit emulator tools, and real-time operating 
systems. 

You’ve already heard about the legendary 
performance of Diab Data’s D-CC/68K—the 
fastest, most reliable compilers for Motorola’s 
680x0 family of processors. Now, the industry’s 
recognized leader in high-performance globally 
optimizing compilers has added proven debugging 


technology to its D-CC/68K software development 
tool arsenal. 

Protect your code’s performance and quality 
with D-CC/68K and D-TECTIVE—^the smartest 
one-two punch available anywhere to get your 
Motorola-based embedded project to market fast 
and guarantee that it’ll be a star performer. 

Stop bugs and quality glitches from arresting 
your development! Let D-TECTTVE read’em their 
rights! Call Diab Data now to learn more about the 
most arresting software tools in the industry and 
our FREE evaluation program. 

DtarAData 

A Bull Company 

U.S.: Telephone: (415) 571-1700 • Fax; (415) 571-9068 

Europe; Telephone: +46-8 622-4422 • Fax; +4^8 6224223 









KETWOitKED SYSTEMS 


EchoNets, E-memes, 
and Extended Realities 


Mobile computing 
requires new ways of 
thinking about networks 

Scott B. Guthery 

T he walkie-talkies of computing are 
personal digital assistants, or PDAs. 
Apple's Newton, AT&Ts EO, Casio's 
Z^mer, and IBM's Simon all open 
the possibility of direct, computer-to- 
computer connections using wireless 
personal" communication systems. Net¬ 
work vendors will contend that central 
switches are necessary for communica¬ 
tion among a large number of people, 
and while central switches do add fea¬ 
tures to network communication, switch¬ 
less network communciation that relays 
messages from one node to another is 
also possible. This article will explore 
possibilities for switch less networks 
which I will call ‘‘EchoNets.” 

EchoNets 

Suppose that every minute or so your 
PDA broadcasts a message such as, 
“Curly here. Anybody out tliere?” Then, 
suppose I happen to walk by with my 
PDA turned on, it answers, “Yeah, Moe 
here. What's up, Curly?” Yours replies, 
“JVe got 15 messages for you,” and ^se^ds 
my PDA die messages. “Thanks,” mine 
says, “and here are eight for you.” “See 
ya, Curly,” yours says. “Ciao, Moe,” says 
mine, and they go their separate ways. 

This is a basic EchoNet message ex¬ 
change, a form of which is used in ex¬ 
isting computer networks, including 
Usenet, FidoNet, and Relaynet. In fact, 


Scott is a scientific ctdvisor at the Schlum- 
berger Laboratory for Computer Science. 
He can he reached via Internet at guth- 
ery@a ustin sics sib. com . 


the news groups in FidoNet [Bush 931 
are actually called “echoes,” and mail is 
called “echomail.” The difference be¬ 
tween the use of the EchoNet-style 
protocols by PDAs and their use in ex¬ 
isting networks is diat the nodes in ex¬ 
isting networks exchange messages widi 
nodes that are known and relatively 
fixed over time. In a PDA EchoNet, a 
node is constandy polling for and talk¬ 
ing to strangers. 

Obviously, if Ed queued up a mes¬ 
sage to you in my PDA or if you'd en¬ 
tered a message to me in yours, we 



would have communicated without a 
switch. This is plain-vanilla, peer-to- 
peer communication. Rut suppose my 
sister had written a message to you last 
night on her PDA* Sometime during the 
night, her PDA engaged in a message 
exchange with mine, and I unwittingly 
carried her message with me when I left 
for work this morning. When I walked 
by your PDA, 1 delivered her message 
to you. In a sense, my PDA was the net¬ 
work backbone diat carried my sister's 
me.ssage to you. 

EchoNets are by no means a recent 
discovery. One of the earliest networks 
in the Internet, the DARPA Packet Ra¬ 
dio Network, used a “flooding” proto¬ 
col, which is a form of EchoNet. And 


the gateways and bridges in modern 
switched networks are really nothing 
more than EchoNet nodes with fixed 
neighbors. So even switched networks 
may have EchoNet subnets. 

However, weVe become so accus¬ 
tomed to the features provided by 
switches that we think communication 
systems require them. While it will be 
useful for PDAs to be able to connect 
to pay-per-message switched networks 
such as cellular, telephone, satellite, and 
cable systems, it's important to realize 
that you are buying the added features 
of the switch and billing, as much as tlie 
raw network capability itself. It's also 
useful to realize that you can commu¬ 
nicate without them. 

Receiver Addressing vs. Sender 
Addressing 

Of course, one downside of EchoNet 
messaging is that the mail may not go 
through. And even if it eventually does 
go through, you have no idea about nor 
any control over hc^w long it will take 
to deliver your message. It's like Usenet 
or FidoNet e-mail, only worse—much 
worse. 

To get an EchoNet mail message from 
me to you, we need a chain of PDAs: 
First, 1 have to pass near A, then some 
time later, A has to exchange Jiiessages 
with B, and so forth, until you finally 
cross patlis with Z. While it’s helpful 
that the whole chain of PDAs need nev¬ 
er exist in tc^tality at any one point in 
time, you and I are clearly at the mer¬ 
cy of many chance events and random 
happenings. What tMs means is tiiat you 
can probably get EchoNet mail reliably 
to people in the crowd you hang out 
with, but it's unlikely that you can get 
EchoNet mail to your friend in Tuva. In 
fact. It could be argued that EchoNets 
aren't gcxxl at all for person-to-person 
e-mail when you know exactly who you 
want to send the message to and what 
their address is. 

Where EchoNets beat traditional e- 
mail (and telephone and surface mail. 


72 


Dr. Dobb's Journal, April 1994 













Now you can get from 
A TO B 


without losing any ZZZZs. 



Sleepless nights. A thing of the past for GUI developers? 
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Concept to Delivery 


Visual Builder 2.1 saves you endless hours of tedious coding and Fine- 
tuning of graphical user interfaces. You can visually layout, simulate 
and modify your GUI to build a solid prototype in just a fraction of 
the time. And producing a fmished GUI application is just as fast 
when you add behavior to your iayout using Visu^ Builder's simple 
yet powerful scripts rather than hand-coding C callbacb. 


Platform to Platform 


Visual Builder has always made it easy to build GUI based applica¬ 
tions on a UNIX® platform and move tliem to another UNIX 
platform or to a PC running Microsoft® Windows. Now you can also 
derelcp in Microsoft Windms and move your apphcalion to UNIX 
platforms just as easily. 


IDT TO U IM S 


Visual Builder is available as an Interface Development Tool and as a 
User Interface Management System, and you can upgrade from IDT 
to UIMS witfi only a phone call to activate the UlMS components. 


The IDT is a customizable GUI builder with WYSIWYG layout, 
simulator, automatic C code generator, and interface portability. 
The UIMS has the same robust features and adds powerful behavior 
scripting and the abiUty to integrate additional widgets for both 
2 nd Microsoft Winciom. 


Us TO You 


Try Visual Builder 2.1 FREE for 30 days. With our carefully designed 
tutorial you 11 be proficient in just a few hours. 

★ Call us toll-free at 1-800-565-5650 

★ Fax us at 1-416-496-8524 

★ Sendemail tos^^^r/@™.a 2 

★ Pull software and documentation off Internet using 
anonymous ftp at^^. uu. net in the /vendor/Sietec directory. 


The Siemens Heritage 


Sietec Open S^'stems is a division of Siemens in Canada. 

The Siemens name has always been synonymous with technological 
irmovation - horn laying the fml trans-Atlantic communications 
cable to creating robots capable of seeing. 

With products like Visual Builder, this tradition continues. 
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Standard 


• APIs for Windows Sockets, Berkeley Sockets, 
ONC RPC/XDR, Telnet, FTP and NetWin. 

• Up to 128 concurrent sessions with user 
definable buffers and timeout values. 

• Supports NDIS, ODI and Packet drivers. 

• SLIP, CSLIP and PPP with powerful scripting. 

• BOOTP and RARP client and server. 

• Co-exists with Netware, Lan Manager, Vines, 
Lantastic and Pathworks at no additional cost. 

• Over 200 KB source code sample programs. 

• Complete network configuration program with 
automated network detection technology. 


To: EchoNet Implenieiiters Everywhere 
From: Earl of Echoee in Austin 
Subject: Improved Short-Hop 

Protocol 

Keywords; EeboNet, Transfer Rulefi 
Send^Dater September 6, 1993 
Route: Bubba in Temple, Jenny Jet 

in Dallas 


Figure 1: An EchoNet headerfield. 

(continued from page 72) 
for that matter) is when you don’t know 
who you want to send the message to, 
or when you don't know how to get in 
touch with them. In this case, you want 
to broadcast your message in the hopes 
that the person or people you’re look¬ 
ing for will receive it. Thus, it is the re¬ 
ceiver or receivers of the message, rather 
than the sender, who determines to 
whom the message is addressed. 

Just like a piece of e-mail, an EchoNet 
message comes with a number of head¬ 
er fields (see Figure 1) which describe 
it. Header fields help you scan the in¬ 
coming EchoNet messages quickly to 
find the ones that are meant for you. 
YouJl probably want to activate some 
.sort of automatic text filter to sift through 
all the incoming messages and set aside 
ones that fit you and your profile of 
interests. 


Professional 


• Includes all features of the Standard Edition. 

• Includes Telnet VT emulator, drag and drop 
FTP client and server, TFTP, LPR, LPD, 
transparent printing, Network Monitor, Finger 
and more. 


Visual Edition 


# The first and only TCP/IP custom controls for 
Visual Basic from the winner of the BasicPro 
readers choice award. Includes custom 
controls for Windows Sockets, FTP and Telnet, 

# Ideal for writing Visual Basic front ends to 
client/server applications. 

# Use as an add on to the other kits or atone. 
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408.741.0781 

Email :mktg@distinct.com 

Fastfacts: 408.867.4742 

Fax: 408.741.0795 
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E-memes 

It’s important to remember that, unlike 
Usenet newsgroup messages, you’re both 
a potential recipient and a relay point 
for all of the EchoNet messages you re¬ 
ceive. Just because you find a message 
you think is addressed to you, doesn't 
mean you shouldn’t pass it on. There 
may be other people who are interest¬ 
ed in the message, and you’re part of tlie 
chain that is going to get it to them. 

By default, you should also relay mes^ 
sages that aren’t addressed to you abng 
with ones that are. On the other hand, 
you're free to look over your message 
traffic and delete any messages you don't 
want your PDA to pass along. In an anal¬ 
ogy to the memes (or thoughts) of hu¬ 
man communication, EchoNet messages 
are kind of like e-memes. E-memes that 
people like— cliat tliey want to tell other 
people alxJUt—are passed on. E-memes 
that people don’t like die off quickly, ei¬ 
ther by being read and deleted, or by 
being killed by automatic puige rules, 

Besides passing e-memes, you can 
also annotate or elaborate on them. In 
this case, your observation becomes 
linked to the e-meme it comments on, 
and when the e-meme is sent to another 
PDA, these links are preserved so that 
you really can read and add to threads 
of thought. 
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So are lava lamps and bell-bottoms. 

The theme of our conference is “retro,” 
but the technologies are up-to-the-minute. 

1 ^^^ That’s why software design¬ 
ers, developers, technical 
coordinators, device driver 
developers, LAN specialists, 
SAN FRANCISCO 94 MIS managers, consultants 
and training executives definitely 
shouldn’t miss it. 

Improve your productivity 
with sessions on OS/2,* LAN sys¬ 
tems, graphics, OOP, multimedia, pen, 
database and communications. Learn to write 
device drivers for displays, printers, storage, 
LANs and input devices. 
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Everyone is invited to experiment in our 
OS/2 and LAN lab, and see exhibits from 
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software vendors who exploit PSP products. 

Hear from IBM’s own Lee Reiswig, Jr., 
President of the Personal Software Products 
Division. T Also, enjoy premiums, 
raffles, a “special event” 
and more. For more infor- 
0 mation or to sign up, 
call 1 800 872-7109 
(USA and Canada).* 

It’s gonna be groovy. 

Operate at a higher levels 


At this 


’Outside the USA and Canada, cail 1 SOS 443r4990. ^Ikswagen, the Vbtkswagen logo and “Beetle" are registered trademarks ol 
Volkswagen. AG. Used by pormisskjr> of VQlkswagen. AG. IBM and OS/2 are reglatered trademarks and “Operate at a higher lever 
fs a trademark, of Fnternational Business Machines Corporalion. SHaSS IBM Corp. 
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(continued from page 74) 

Anonymity ond Privocy 

Have you noticed that Internet and Fido¬ 
Net messages often arrive signed by 
everybody who handled them along the 
way? There are some interesting per¬ 
sonal privacy implications if yon extend 
this networking custom to an EchoNet. 
For example, if 1 get a message that has 
a path from Bob to Jim to Sally to Pete, 
then 1 could try to deduce that Jim was 
in the vicinity of Sally at some time. Due 
to naiTie spoofing and path hacking (not 
to mention people borrowing each oth¬ 
er's PDAs), this isn’t ironclad evidence, 
but it is providing some information 
about the whereabouts of both your 
PDA and, by association, yourself. 

Fortunately, EchoNet can forgo this 
cyberspace territorial-marking custom. 
There Is nothing in the EchoNet relay 
algorithm that requires knowledge of 
how the message got to your PDA or 
the fact that it ever went through it. You 
can participate in EchoNets completely 
anonymously, or under a pen name, 
EchoNet pen names are like the han¬ 
dles of CB radio and the nicknames of 
Internet Relay Chat, with tlie advantage 
that you don’t ever have to use an FCC- 
approved call sign or NIC-approved In¬ 
ternet address. 


Privacy on an EchoNet is a little more 
problematic. If I can’t understand what 
tlie message says, it’s hard for me to fig¬ 
ure out if it's for me or not. If it’s en¬ 
crypted and I don’t have the key, tlien 
I’m pretty sure it isn’t. Furthermore, if I 
can’t read the message, then I can’t de- 
tennine if I want to pass it on or not and 
probably won’t Therefore, since en¬ 
crypted e-memes will probably die out 
faster than unencrypted ones, I’d expect 
to see a resurgence of the clear text 
forms of encoding. This leads you to 
wonder which properties of an e-meme 
make it travel the farthest. 

An EchoNet Application: 

Measurements and Surveys 

Psychologists who study cliques have 
devised fascinating ways of measuring 
the who-knows-whom connectivity be¬ 
tween people. In one experiment, you’re 
given a booklet describing a target per¬ 
son. This description does not include 
his or her name or whereabouts. YouTe 
asked to enter your name and address 
in the booklet, then pass it to somebody 
you know who stands a chance of get¬ 
ting the booklet to the target. The per¬ 
son Co whom you give the booklet re¬ 
peats the process, and sooner or later 
the booklet ends up in tlie liands of tlie 


person it describes. By counting the 
names in the tooklet when it arrives, 
the psychologist obtains an upper- 
bound estimate of the who-knows- 
whom distance between you and the 
target. These experiments are called 
'"studies of the small-world problem.” 

Suppose die people receiving the 
booklet had also been requested to en¬ 
ter some other information about them¬ 
selves, rather than just entering their 
names and addresses. 'Fhen the book¬ 
lets would accumulate a survey of all 
the people who handled them. Now 
suppose that the people are PDAs and 
the booklets are e-meme threads. What 
you have is a low-cost way of taking 
measurements and surveys. 

For measurements, specially equipped 
PDAs can operate completely auton- 
oniOLisly. At regular time intervals, the 
measurement’s sensor is read, and a 
time- and location-stamped sensor val¬ 
ue is queued as an outgoing e-meme. 
Over time, some of these readings find 
their way back to the person interested 
in them. While tlie coverage bodi in time 
and space is unpredictable, expenses 
are kept to a minimum and the flcm^ is 
continuous. 

An e-meme survey is more in the spir¬ 
it of EchoNet. In tliis case, your PDA re- 


Nezv TestCentef '* helps Unix* c and C++ 
programmers test their code more thoroughiv 
than any other tool-resulting in substantie^ 

o 

higher quafity a plications. While other testing 
tools keep you in the dark causing you to 
miss costly errors, TestCenter's graphical tes^ 
coverage tells you which parts of your 
code haven't been tested - so you can 
see where additional testing ^ 



is needed. TestCenter is extremely easy 
to use - run-time error checking and 
memory leak detection are automatic. 
^And. by testing so completely, you'll set 
new quality standards. Call today for your 
free evaluation software of the most 
comprehensive testing tool designed 
specif jcallV for programmers, /jg 


Testing Your Code Without TestCenter 
I s Like Shaving In The Dark. 


I N e] 


ProgrammIhQ Tools that Make a Qlffomnoo 


1 800 now CNTR 



10 Fawcett Street, Cambridge MA0213& (6l7|i 49S-3DCO (Formerly Saber SaFtwere). email Infcuttcenterline-com 01994 CenierLine Softwene. Inc- 
AH company end product names are trademarks of their respective cornpanies. 
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(continued from page 76) 
ceives a questionnaire as the head of' a 
thread of responses. The thread head 
asks you to append the tliread witli your 
response to die questionnaire. YouTe 
free to throw the whole tiling away or 
look at die responses of other people 
liefore you add your ow^n. As with PDA 
measurements, we don’t exactly have a 
controlled experiment, but then, we 
don’t have to bear the cost of conduct¬ 
ing one, either. 

A downside of e-meme surveys can 
getting the raw data back to the per- 
son conducting the survey. If the PDAs 
are moving around, you cover a wide 
area but may only get back a portion 
of the measurements you took. On the 
other hand, if the PDAs are relatively 
immobile, you’ll cover less area but 
stand a better chance of collecting more 
data. In this case, you can take advan¬ 
tage of the laci tliat the PDAs are im¬ 
mobile and upgrade the basic EchoNei 
protocol to include a notion of routing. 

What if, in sending around passive 
text fragments, there were some w^ay of 
sending executable code fragments? I 
tliink this is what people have in mind 
when they talk about Knowbots and 
General Magic Telescript agents. If dicrc 
were some way of telling If iendly vims- 


es from evil ones, Llien a code fragment 
that hopped from PDA to PDA, gather¬ 
ing Ltp data and then heading home at 
the end of the day, would be a terrific 
way to cover a lot of territory quickly. 
If nodiing else, tlie quitting-time algo- 
ritlim will be fun to design. 

EchoNet Routing 

what if our PDAs aren’t roaming around 
but are sitting still, in a clas^sroom, for 
example, or at a concert or in an office? 
Here, rather than trusting to random 
passoffs to get messages through, the 
PDAs can run a routing algorithm so 
that each PDA knows exactly which 
PDAs are out there and wiiich PDAs a 
message has to go through to get to a 
particular PDA. 

The simplest routing algorithm l^eglns 
by each PDA figuring out who it is di¬ 
rectly connected to. It does tJiis using 
the usual message-exchange protocol, 
but mther than exchanging messages. It 
exchanges connectivity information. 
“Curly here. Anylxidy out tliere?” one 
says, and gets back a bunch of mes¬ 
sages^ “Yeali, Sleepy here. What’s up?” 
''Yeah, Sneezy here. What’s up?'' “Yeah, 
Doc here. What's up?” “Yeah, Bashful 
here. What’s up?” Now Curly loxjws he’s 
directly connected to Sleepy, Sneezy, 


Doc, and Bashful, and each of these 
knows they are directly connected to 
Curly. 

With this information, Curly can ad¬ 
dress messages directly to particular 
PDAs rather than l.:)roadcasting them to 
everybody and having to deal with all 
their responses. “Curly here. Who are 
you connected to, Sleepy?” Sleepy re¬ 
sponds to Curly, “Sleepy here. Pm con¬ 
nected to Doc and Snow Wliite, Curly.” 
“Ahah! A new player,” thinks Curly. 
What Curly has discovered is that tliere 
is a Snow^ White out there that he can 
get a message to by way of Sleepy. 
“Curly here. Give this to Snow White, 
Sleepy; *Ycj, SW, w hat’s cookin?’ ” 

Wtiat you have here is explicit rout¬ 
ing. Rather than just broadcasting a 
mes^sage into the ether. Curly sent it di¬ 
rectly to Sleepy along with explicit in¬ 
structions to pass it directly to Snow 
White. We’ve also added the peer-to- 
peer “Who are you ccjnnected to?” mes¬ 
sage. By coupling tliis message with di¬ 
rect addressing, any PDA can discover 
the entire known universe and its con¬ 
nectivity, Knowing tliis, your PDA can 
present you w ith a list of all the PDAs 
with which you can communicate on 
HchoNet and can send any message di¬ 
rectly to the one you pick. In a sense. 
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lets you tackle harder problems and 
solve even tougher equations. In short, 
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version of Mathcad’ ever released. 

And that's no exaggeration. More 
powerful than spreadsheets or calculatots, 
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(continued from page 78) 
your PDA is functioning as a router or 
a switch as well as a source, sink, and 
passive relay point. You’re realizing some 
of the advantages of a switched network 
without building a central switch through 
which all traffic must flaw. 

There are hundreds of network- 
discovery and network-routing algo- 
rithtns and protocols. Many can be used 
in EchoNets and switched nets. In fact, 
an EchoNet can be thought of as just a 
network, in which every node is also a 
router. Recently, the Internet technical 
community has become interested in 
supporting Internet connectivity to mo¬ 
bile hosts (see the accompanying text 
box entitled “Mobile Internetworking'’) 
and has published the “Internet Packet 
Transmission Protocol,” which discuss¬ 
es a possible routing algorithm for tliis 
situation. 

EchoNets os Distributed Systems 

Tliis primitive network-discovery and 
routing algorithm is an example of a 
large class of distributed-.system algo¬ 
rithms that has received attention over 
the last 15 years. Dijkstra’s classic paper 
[Dijkstra 80] and Chang’s independent 
discovery [Chang 82) have set the tone 
and direction for much of this work. 


Chang's paper is a more readable in¬ 
troduction to distributed algorithms even 
though Dijkstra’s paper has priority, 
Y;mg and Marsland's recent note [Yang 
93] is an excellent annotated bibliogra¬ 
phy on two important problems in this 
field, 

Dijkstra and Chang showed that it is 
possible to design practical algoritlims 
for EchoNets which enable any node in 
the network to discover information 
about the whole network or about any 
panicular node in the network. In fact, 
Chang called these algorithms "echo al¬ 
gorithms” because a broadcast question 
produces an echoed response, “Practi¬ 
cal” here means that the answer is ob¬ 
tained in a deterministic and computable 
amount of time and that the EchoNet 
message traffic generated by the broad¬ 
cast request eventually dies out. 

The Dijkstra/Chang echo algorithm 
proceeds as follows: initial, inquis¬ 

itive node sends its question to each of 
the nodes to which it is connected. 
Upon initially receiving the question, 
each node relays the question to all the 
nodes to which it is connected except 
for the initial node. If tire receiving node 
has no odrer nodes to which it can send 
the question, then it sends the accum- 
lated answer back to die node that sent 


it tire question. Finally, when a node re¬ 
ceives answers from all the nodes to 
which it sent the question, it in turn 
sends the accumulated answers to the 
node that first sent it the question. 

In his paper, Chang gives a number 
of applications of this basic echo algo¬ 
rithm along w ith some performance cal- 
culations and special-case improve¬ 
ments, One of the applications, the 
Single-Source Sort, is particularly appli¬ 
cable to our PDA-to-PDA communica¬ 
tion situation. The idea is that a new 
node is joining an existing EchoNet and 
wants to pick a unique identity. The 
new node sends out dre question, “What 
is your name?” Each node’s echo is its 
own name, appended to the list of 
names it has received from the nodes it 
has contacted. What arrives back at the 
new node is a list of the names of all 
die nodes in tire EchoNet. All the new 
kid on die block has to do now is pick 
a name that isn't on the list, 

Global State and Cooperative Behavior 

Dijkstni/Cliang-style echo algorithms are 
fine for determining static properties of 
an EchoNet (such as the list of the 
names of all die nodes in the network); 
but what about dynamic properties? 
Suppose all tlie nodes in an EchoNet 
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ECHONETS 


(continuedJrom page 80) 
wanted lo cooperate in accomplishing 
a task of some sort. How would they 
keep track of the current state and 
progress of their combined effort, or 
stay ccx>rdinated? 

One way would be to have every¬ 
body synduonize their actions to a glob¬ 
al dock, then treat the dynamic state as 
simply a series of static states separat¬ 
ed by netwr>rk-wide time synchroniza¬ 
tion points. From an individual node’s 
point of view, tlie drill might look some¬ 
thing like tiiis (see, for example, [Flam- 
mer 921): 

1. Do something useful. 

2. Wait until die global-synchronization 

point. 

3- Exchange what you’ve done with ev¬ 
erybody else and Rnd out wJiat ev¬ 
erybody else has done using an echo 

algoritiim. 

4. Figure out wHiat to do next. 

5. Go to step 

While there are a number of glofial- 
dock ami vinual-time algorkiirtis which 
can be used for the global-synchro¬ 
nization point [Yang 931 ^ you get the 
feeling there’.s an excessive amount of 
overhead in this approach—tlieremusL 
be a less West Point and more Mill Val¬ 
ley w^ay of achieving cooperation. 

Chandy and LainporT [Chandy 851 de¬ 
scribe an algorithm whereby nrxJes in 
an EchoNet can determine the global 
state of a cooperative effort w'ithoiil a 
global dock, lliey called their algoiithm 
a 'klistributed snapshot" by analogy Lo 
a group of photographers (the nodes) 
who take several pictures tthe local 
states) and piece together the re.sulis (by 
exchanging mes^sages) to form a ^'mean- 
ingful” panoramic picture (the global 
state) that is larger than a pictitre that 
any one photographer’s camera could 
handle. In this context, “nieaningfLil" 
means dial the composite picture is suF 
ficient for coordinating the nodes and 
getting the cooperative efibrc accom¬ 
plished. 

fhe Chandy/Lamport algorithm pro¬ 
vides a mediod for '‘suobing” die record¬ 
ing c)f a node’s IcKal state by a mecha¬ 
nism other than a global alarm ckx:k. 
Tlie method is basetl on the sending ol‘ 
a special ""Keccjrd your .state!” message 
around the network. After the message 
ha.s been received and obeyed by all 
ncxJes, die recorded local states are col¬ 
lected to form a description of the glob¬ 
al state; this global state description is 
distrilxited to all nodes using an echo 
algorithm. 

Since the "Record your stateC mes- 
.sage reaches nodes at different times, 


you have to record not only the state 
of each of the nodes but the state of 
what causes nodes to change state; 
videlicet, the in-transit message traffic 
between nodes. The resulting global 
state is rather like a little film clip that 
we can run forward and backward to 
.see what the network was up to dur¬ 
ing a tiny interval of dme. The Chandy/ 
Dimport algorithm is a careful specifi¬ 
cation of how the local states of the 
nodes and the communication channels 
are to be recorded so that this movie 
is a useful representation of the net's 
state. 

The Chandy/Lamport distributed 
snapshot algoridim w^orks like this: 

liiitkition Rule: Send the ''Record your 
state’ ’ message to each node to which 
you’re connected and ihen record your 
SLite before you send any fuitlier messages. 


Unrecorded State Rule: If you receive 
a “Record your state!” message and you 
have not already recorded your stale, 
then: 1. Record your state; 2. record the 
fact that the state of the channel between 
you and the node that sent you the mes¬ 
sage is "Empty”; 3. start recording all sub¬ 
sequent messages you receive fre^m oth¬ 
er nodes; and 4. send die “Record your 
state]" to each node to which you arc 
connected. 

Recorded State Rule: If you receive 
a "Record your state!” message and you 
already have recorded your state, then 
record tlie faa that the state of the chan¬ 
nel Lictwccn you and the node that sent 
you the message is the sequence of tlie 
messages you got from tills node lietween 
the time you recorded your state and tlie 
current 'Record your state!” message. 

The algorithm givers receivers tlie obli¬ 
gation of recording the in-flight mes¬ 
sages. The recording starts at a node 


Mobile Internetworking 


A number of similar schemes 
(loannidLs, Uehara, and Wada, for 
example) have lieen proposed for 
extending TCP/IP, and hence, the In¬ 
ternet, tc:> mobile computers. The sit¬ 
uation is a little more complicated be¬ 
cause, as originally conceived, TCP/IP 
addresses combine two distinctly dif¬ 
ferent pieces of information: unique 
name and current location (kind of 
like '‘Minnesota Fats” or "Boston 
Biackie”). When host computers were 
immobile, this didn’t matter; if they 
did move, we changed their names. 
Clearly this solution won't work for a 
computer tcxiling down Route 66. 

A design criterion for all of the 
mob i I e -1 n tern etwork ing p roposa is Is 
to minimize the impact of supporting 
mobile hosts on the existing network 
as much as possible. Thus, not only 
should everything tliat works today 
continue w^erking, liut a stationary hast 
shoukl be able to communicate with 
a tnobile host just as if it were anoth¬ 
er stationaiy host. Basically, tliis means 
that the mobile host’s address doesn't 
chiinge, at least from the point of view 
of other liosts communicating witli it. 

The Internet Packet Transmission 
Protex d (TPTP) proposeeJ in a July 1993 
Internet I9raft fWada) endow^s a mo¬ 
bile host with two addresses: a home 
address (the uniciue name, “Blackie”) 
and an away address (the current lo¬ 
cation, "Boston"). Tlie home address 
doesn’t change and is tlie permanent 
name oi the host known to the world. 
Tlie away address dties change and is 
the address at wliich the mobile host 


can currently be reached. The only 
change to the netwe^rk is the addition 
of a piece of software called a Packet 
Forwarding Server to tlie mobile host’s 
home network, wliich keeps track of 
where tlie mobile host is and forwards 
messages to it. 

As the mobile hast moves around, 
it acquires an away address from each 
loc:al network whose territory it enters, 
and it sends this aw^ay address back 
to its home network’s Packet For¬ 
warding Server. In this way the lionne 
network always blows where the mo¬ 
bile host is and how to reach it. Mes¬ 
sages to a mobile hast are always sent 
to its home address; when they're re¬ 
ceived, the Packet Forwarding Server 
readdresses them to the mobile host’s 
away address. Messages from a mo¬ 
bile liost go directly to whom diey are 
addressed and need not detour 
through the Packet Forwarding Serv¬ 
er on die mobile licxst's home network. 
The return address on these messages 
Ls the mobile host’s home address, not 
its temporary away address. 

As hosts and louters on the Internet 
are willing to become more mobile- 
host-aware, there are a numlier of effi¬ 
ciencies tiiat can be introduced into tiiis 
minimum-impact protocol, and many 
of tliese are descrilied in die referenced 
papers. For example, a sender might 
indicate that it is willing to track the 
mobile host as well so the mobile host 
could set its return address to its away 
address rather than its home address. 

—S.B.G. 
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Sooner or loter,you'l get an MrpM-pencH'steJih'i^ 

"rtiif mI MANiAri/' mAMfifiA "olog){ QEMM finds as much as %K more 

^ 1?IL message. high memory than other memory managers. 

Whether you have No one has yet been able to match our 

1 megabyte or 1 6. performance. No wonder QEMM outsells 

TSRs and network utilities need memory right others/7U^ loge^A 


where your programs need if too. Itb called 
'lower' or'conventional' memory. 

Adding RAM to your PC just gives you 
more expanded or extended memory — 
accessible to some programs but not to TSRs 
like fax utilities device drivers or network 
utilities like Novell NetWare. Fortunately, 
there's an easy software solution 
to 'out of memor/ problems. NovjaNO 

Hove Ymit Coke and Eot H, Too. 

The more memory you haw, the more flexi¬ 
bility and reliability you can enjoy. Thanks to 


QEMM" puts the maximum memory right ' 
where your favorite programs need it so you 


"IneededanolherSKhrmy favorite Mi: ' . b- 
/ added 2 megabytes. I slf need 32K! What 0ves?" 


DOS 6 w/b McntMaker 
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3WK WK SOUK taOK 

We tested DOS wiUi and widwutMemMakerand 
wWi QEMM6and oar new QEriM 7tunsaway6vm 
all of them. See details oftestamdilms below. you're sacrificing productixdty. 


can run them and TSRs without 'out of 
memory’ problems or conflicts That keeps 
your PC running smoothly and performance 
at its best. 

Protect Your Productivity; 
Keep Your Work Safe. 

Any task, from programming to writing the 
company business plan to composing a 
personal letter, lakes time and thou^t. Your 
' PC is supposed to make that process 
. easier; your output better. When you can't 
run your favorite grammar-checking TSR or 
have to get by without a vital network utility, 


Whether you're running MS-DOS IBM'” 
PC-DOS DR'dOS Novell DOS or MS 
Windows; one megabyte or ei^t, don't sacri¬ 
fice; don't compromise; don't risk losing woric 
Managing your 
memory well is the 
best way to assure 
your work won’t go to 
(^MMcomes with dw wa.Ste. 


new vasm of Manifest, 
Oieaward-winnii^ 
menmiy analyzer that 


QEMM version 7 is 
the most powerful 


h^youseehowyour flexible memory 
FCworics. mana^ryoucanbuy. 

Itb the utility that finds memory . .^ 

when nothing else can. ''^UlNC | 
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(continued from page 82) 
when the ]in>t ''Record your statef” mes¬ 
sage appears on any channel and stops 
channel-by-cliannel when “Record your 
state’-’ appears on each channeL 

Extended Realities 

What the Dijkstra/Chang and Chandy/ 
Liiinport algorithms give us is a way for 
tnany mobile computers to act cooper¬ 
atively, While each individual PDA is 
keenly aware of its owm sumiundings, 
it can also count on tlie ''eyes and ears’" 
of the other PDAs in its EchoNet to act 
as lookouts in regions l^keyond its own 
ken, I think of PDAs knitted togetlier by 
these algorithms as being similar to the 
compound eye of an insect or a very' 
large array radio antenna. In a sense, 
the reality of eacti PDA has been ex¬ 
tended to the area covered by the en¬ 
tire EchoNet of which it is a member, 
IPs interesting tlrat this relatively com¬ 
plex fonn of netwoik liehavior has l:>een 
achieved without a cential switch. 
Sw'itchless n tiw cjrks like Echo Nets cer¬ 
tainly have their drawbacks, such as in¬ 
determinate message delivery. The ad¬ 
vantages, however, include robiLStness 
due to absence of a single point of faib 
ore and the ease w’ith which nodes can 
enter and leave the comniunication 


mesh. In the era of mobile w'keless com¬ 
puting, we may find situations w here it 
just doesn’t make sense to send tlie mes¬ 
sage dowmtown and back if it only has 
to get to someone standing next to me. 
We may also End useful forms of net¬ 
work communication that don't send us 
a bill at the end of the month. 
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GX PRINTIR provides comprehensive 
graphics printer support for your pro¬ 
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DOS and Windows 
applications compatibility. 

IVoven memory management ai 
diagnostics with both Manifest 
andQEMM. 

DESQview/X has EGA/VGA, 

S514A,Sup^VGAandDGIS 
high resolution graphics 
support. 


'^our PC—or any 
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Comfortable look and feeF for 
both keyboard and mouse users 

With scalable window capability 
provided by Adobe Type 
Manager^'you can get more DOS 
windo^^'s on the screen than ever 
before. 

Any DESQview/X window can 
be made into an icon at any time. 

Online help is two keystrokes 
away. 


Multitasking Power 

DESQview is the recognized pioneer in DOS multitasking and is at the 
very heart of DESQview/X—giving you proven high performance 
multitasking of DOS and Microsoft Windows programs side-by-side. 

X Window System Graphics 

The X Window System gives DESQview/X its grapMcal interface And its 
ability to access DOS text and MS Windows programs running remotely on 
your network. Add the optional TCP/IP Network Manager and it gives you 
the ability to access remote X Window programs on workstations such as an 
IBM RS/6000 or a SUN SPARCstatiorL Or vice versa. 

Adobe Type Monoger 

The accepted standard in scalable font technology is built in so that 
X Window System programs can use scalable fonts. And it also gives you 
the ability to view DOS text programs in scaled windows. 

Progrom Memory Management 

DESQview/X has the memory management services of advanced operating 
system5“thanks to the built-in Rational Systems DOS4CX DOS esxtender 
(16 and 32 bit), shared libraries^ dynamic link libraries (DLLs) and virtual 
memory. 

Superior DOS Memory Management 

DESQview/X comes with our aw^id-winning, best-sclling expanded 
memory manager, QEMM, and the highly acclaimed Quarterdeck Manifest 
to ensure that your ?C% memory is always at its optimum and that pur 
DOS programs have the absolute maximum memory available. 


Customization 


With DESQview/X's customizable menus, graphical desktop keystroke 
macros mark and transfer and online help it is very easy to tailor the your 
own PC to your exact working needs. In addition, you can choose bom two 
optional look and fed' packages: OSF/Motif and OPEN LOOK. 

Includes Valuable Companion Programs 

DESQ\'iew/X comes with three companion programs. Application Manager 
for launching and organizing programs. F3e Manager for managing local 
and remote files. And Icon Editor for creating icons. 

Quarterdeck makes your PC a better place to work, whatever software 
pu prefer to use. 
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EXAMINING ROOM 



Help for Windows Help 
Authors 

Windows help authoring tools provide 
quick relief 

Al Stevens 


T o be taken sedously, a Windcm^s ap¬ 
plication must provide online help. 
Users liave come to expect it, and 
developers have little choice but to 
provide it. However, like staff meetings, 
program documentation, and user’s 
guides, it’s a task that programmers ap- 
prcjach as willingly as tliey woiild a root 
canal. But like it or not, most Windows 
developers must eventually build a help 
database. Fortunately, Windows includes 
WNHELP.EXE, an application that dis¬ 
plays online, context-sensitive help in a 
standard format. You design a help 
database and build the hooks into the 
application. ^dNHELP does die rest. 

Building a help database, howe\^eiv ls 
no easy task. li you Ye lucky, your boss 
hires a professional tech writer to do 
most of it. Tliere is more to die joli dian 
w^riting tlie words and composing the 
pictures. You use a number of unrelat¬ 
ed tools to convert die help words iind 
graphics into a database format that 
^INHELP recognizes. You can work 
with these tools in their native auto* 
nomous environments or use a Help au¬ 
thoring tool to integrate them into a 
project-oriented trxilset. 'fhis article de¬ 
scribes the components of a Windows 
help database, addresses the manual 
procedures for building one, and dis¬ 
cusses three Help authoring tools that 
ease the process. One tool, the Win¬ 
dows Help Author, comes as an un¬ 
supported application on the Microsoft 
Developer Network CMSDN) CD. Tlie 
other two, Windows Help Magician from 
Software Interphase and Robt^Help from 
Blue Sky Software, are commercial tools 
from third-party vendors. 

About WINHELP 

WINHELP is an independent Windows 
application tliat comes with Windows. 


Al is a DDJ cantrihuting editor He can 
be reached through the DDJ offices or 
on CompuSen^ at 71101,1262. 


Developers use it to pmvide online help 
similar in look and feel to tliat of oUier 
Windows applications. WINHELP dis¬ 
plays help text and graphics from data¬ 
bases that conform to a prescribed for¬ 
mat. The formal .supports hypertext 
links, keyword searches, graphical dis¬ 
plays and conirols, and navigational 
conu-ois, Applicatic:>ns programs associ¬ 
ate their mn-time contexts with specif¬ 
ic topics in the Help database. The de¬ 
veloper composes the help database, 
assigns am-time context identifiers to 
the help topics, and puts the associat¬ 
ed context-sensitive hooks in the ap¬ 
plications ccxie, 

A help database can have text, graph¬ 
ics, motion video, and sound. The text 
can Indude highlighted plirases that you 
dick on to pop up informational win¬ 
dows or jump to other topics in the text. 
Grapltical elements such as tool-bar fiut- 
tons, icoas, and screen shots can be dis¬ 
played and clicked on. The help docu¬ 
ment can talk, display pictures, play 
music, and show movie dips. There is 
an automatic table of contents and a 
keyword search feature, Tliere are nav- 
igarion functions tliat jump forw'ard and 
backward through the topics, 'rhe user 
can place and retrieve bookmarks in die 
text. All of these features are imple¬ 
mented by WINHELP based on a data¬ 
base that the developer builds. 

Altiiough WTNl lELP typically pawides 
online help to applications, its hyper¬ 
text, multimedia, and navigational fea¬ 
tures make It useful for presenting oth¬ 
er kinds of information. You can run 
WINHELP either from widiin an appli¬ 
cation, or as a stand-alone program iind 
command it to display text and graph¬ 
ics from any conforiTiing database. WTN- 
HELP is commonly used for online ref¬ 
erence and users’ documentation for 
compilers and other applications. Wlien 
you see a PrograiTi Manager group widi 
one or more prominent yelkm*^ question- 
mark icons, there is a good chance that 


they each run WlNl lELP to display a 
different documentation database. Tliere 
are even “readme" files implemented as 
help databases. 

Help-Project Tools ond Components 

liuilding a help database involves sev¬ 
eral tools. You need a word prcx:essor 
that reads and writes the so-cilled “rich- 
lexi IbrmaU (RTF), which is an abom¬ 
inable concoction of embedded ASCII 
tokens that define how a document 
should appear, Hie HIT editor is used 
to compose the help database. Theo¬ 
retically, you could use an ASCII text 
editor lo build an R1T document, but 
It’s nt>i advisabie. You’re better off us¬ 
ing a word processor that w^orks with 
the format and displays comprehensible 
text on the screen. 

A second text editor, such as Notepad, 
that works witli ASCI] text maintains the 
helj:) project file, which describes vari¬ 
ous components in the database. If yc5ur 
database includes graphics, you need a 
program to produce liitmap files. If the 
user is to make selections by clicking 
on parts of the graphics, you need tlie 
Hot-Shot Editor I’he Help Compiler 
reads the project, text, and bitmap files 
and compiles the help database into the 
format that WINHELP expects. (The 
I lelp Compiler and I lot-Shot Editor are 
bundled with most Windows software- 
development environments and are in¬ 
cluded in the SDK,) Finally* you need 
your own software-development envi¬ 
ronment to put help context identifiers 
into die application. 

Among die project components you’ll 
use when building a help cktabase are: 

Help Project File, A help database 
uses an ASCII text project file with die 
HP) filename extension. The project file 
contains options for the Help Compiler, 
including the name of die .RTF text files, 
and the title and size of the help win¬ 
dow. It also associates string topic iden- 
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tifiens tliat you place in the help text with 
integer context identifiers in the programs. 

Help Text The help text coniains the 
narrative text for the help database, to¬ 
kens that specify tfie filenames and posi¬ 
tion for graphics, topic names and iden¬ 
tifiers, and the linkages for hypertext 
references and keyword associations. 

Tile RTF w Old proc'essor must be able 
to encode double-underlined and Idd- 
den text and insert footnotes into the 
document, all by using RIT protocols. 
Footnotes, w hich are tagged with $, 
and K characters and appear just ahead 
of the title for each topic, provide mne¬ 
monic identifiers for the topic, titles for 
the table of contents, and keywords for 
the search. Underlined text identifies hy¬ 
pertext phrases. Hidden text immedi¬ 
ately follows the hypertext phrases and 
specifies die link's mnemonic identifier. 
Word for Windows 2.0 and Ami Profes¬ 
sional both have these capabilities. 

Multimedia, A help database can in- 
elude graphics, sound bites, and mo\ae 
clips. You include these elements by 
putting tokens in the text that identify 
what they are imd their filenames. For 
example, to insert a bitmap you put the 
following token into the text at the char¬ 
acter position wliere you want the upper- 
left corner of the bitmap to show: 


ibme dolly.bmpi 

The bmc keyword siDecifies a bitmap, 
doliyibrnp is the name of the file in this 
example that contains the bitmap. Ihe 
Help Compiler uses the token to build 
the graphic rendering into the database. 

If the user clicks on a graphic to jump 
to another topic, you underline the to¬ 
ken and add a hidden topic identifier to 
link to the topic. If parts of the same 
graphic point to different jump links, 
you use the Hot-Shot Editor to identify 
the coordinates of each jump area. For 
example, I put a picture of the appli¬ 
cation's tool bar in the help database 
and used each tool button to jump to 
tlie topic that describes its function. A 
weakness of the help development sys¬ 
tem is that graphics in the database slow^ 
the Help Compiler down to a crawl 
when you use the compression options 
to build the database, A big help file 
w’ith many large pictures can take ht^urs 
to compile. 

ContexhSensitfve Help 

Most help databases support context- 
sensitive help. If they do not, the user 
mast start at a table of contents or do a 
keyw^ord search to find a particular help 
topic. By associating help topics in the 


database with menu selections, dialog 
boxes, controls, and other application- 
specific contexts, you give the user tlie 
ability to go directly to the help topic 
tliat discusses die currently selected ap¬ 
plication context. For exirmple, suppose 
that you assign context identifier 3 to 
the EDJT_MENU identifier. These are 
arbitrary values that you decide to use. 
In your program, you associate the in¬ 
teger 3 wath the Edit menu label on the 
menu bar. In the help text, you asscxzi- 
ate die EDIT_MENU identifier with the 
topic in the text that explains the menu. 
When the user selects that menu and 
asks for help^ winhelp.exe displays die 
associated topic. 

To integrate a help database with an 
application, you modify the source code 
to specify the database name and to as¬ 
sociate context identifiers with different 
parts of the application. How^ you do 
diis depends on the programming lan¬ 
guage. Visual Basic's Options/Project 
menu opens the Project Options dialog 
box where you add the name of the 
help database. Tlie Menu Design Win¬ 
dow includes a HelpContextlD field for 
die numeric value associated with the 
associated help topic. The Properties 
windows for the application's controls 
mclude similar Helfk.'ontextID fields. 


Preventative maintenance from product inception. 
Quality assurance starts when the first line of code is written. 


PCYACC 5.0 


LANGUAGE TOOLKIT 

Includes in" Language Engines 
fordBASE, POSTSCRIPT, HYPERTALK, 
SMAUJALKSa, C++, C, PASCAL, VHOL, 
PROLOG, FORTRAN, FORTRAN-90, 

COBOL, COBOL^, VISUAL BASIC, LEX, 
YACC, GW BASIC, RTF,SNA/LU, SGML,ASN, 
RPG, REXX, PLf, ADA, SQL, S0L2andDB2, 
PC YACC Version 5.0 is a complete 
Language Development Environment 
that generates ANSI C source code from 
input Language Description Grammars 
for building Assemblers, GompiEers, 
Interpreters, Browsers, Page Deschption 
Languages, Language Translators, Syntax 
Directed Editors, Language Validators, 
Natural Language Processors, Expert 
System Shells, and Query languages, 

■ NEWt Generates 0++ and YACC 
classes for Windows 0.0 and OS/2 2.0 
Presentation Manager 

■ NEW! 32 BIT Extended Memory 
Support for DOS 3S€/4d6i and OS/2 
2.0 will compile any size grammar 

m NEW! Build professional systems 
with full ERROR HANDLING, 
RECOVERY, AND REPORTING, 

■ Quick Syntax Analysis and support 
for multiple parsers 

■ Lexical Analyzer generator ABR AXAS 
PCLEX is includ^ 


■ Our grammars are 100% compatible 
with UNIX YACC 

m Debugging tools include runtime 
Parser Tracking and Abstract Syntax 
Tree generation. 


CodeCheclc 5.0 


SOURCE CODE MANAGER 

Includes "Vrop-ln'* Rules for Com¬ 
pliance analysis, Adherence to spe^- 
cations. Measures of complexity, Silent 
error detection, Code maintainability 
and f^r^bility. 

CodeCheck Version 5.0 is a programmable 
tool for managing all C and C+ + source 
code on a file or project basis. CodeCheck 
is input compatible with all variants of K£iR, 
ANSI C and C++. CodeCheck is designed 
to solve all of your Portability, Maintain¬ 
ability, Complexity, Reusability, CXiality 
Assurance, Style Analysis, Library/Class 
Management, Code Review, Software 
Metric, Standards Adherence, and 
Corporate Compliance Problems. 

■ Maintainability-CODECHECK 
identifies and measures complex, 
sloppy and hard to inaintain code. 

■ Portabiiity-CODEOHECK identifies 
code that will not port between DOS, 
OS/2, Unix, VMS, and the Macintosh, 
and check for compatibility with 
ANSI, POSlX.and other standards. 


■ Complexity-Measures program size 
(Halstead) and Program Complexity 
(McCabe). 

■ Compliance-CODECHECK allows 
your corporate coding and pro]ect 
specification standards to be 
completely automated for compliance 
validation. 


OS 

CodeCheck 

PCYACC 

DOS 

$495 

$495 

MAC 

$495 

$495 

OS/2 

$995 

$995 

NT 

$995 

$995 

UNIX 

$1995 

$1995 

VMS 

$1995 

$1995 

Ediicaiionat discounts are available. 


30 day Money back guaranteel 

Free AIR Shipping anywhere in the world/ 

Too^xJercaii 1 -800-347-5214 
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Software, Inc. 
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A C progmm that uses the Windows 
SDK API inteicepLs the WM_KEYDOWN 
message and watches for the FI key, ei¬ 
ther from the application window's pro¬ 
cessing module or by using tlie 
dowsHcx)kKx function to install a filter 
function tliat intercepts messages to di¬ 
alog boxes. Once the key is pressed, the 
program calls the SDK’s Winllelp func^ 
tion passing the name of the help data¬ 
base and tire context identifier nutnlier, 
Microsoft Foundation Classes pro¬ 
grammers associate help contexts with 
controls using the MAKEILM tool, which 
constructs topic mnemonics from the 
source-code control identifiers and as¬ 
signs context identifiers to tlieni The mes¬ 


sage map associates the Windows ri.^_ 
HELP message to CWinApp-OnHelp. 
AppWizjtrd builds this framework auto¬ 
matically when you elect tcj include con¬ 
text-sensitive help in your appliaition. 

Building a Database: The Manual 
Approach 

The Windows Piogram Manager has fea¬ 
tures that help oiganize the tools into 
what approaches an integrated fashion. 
Recently I w^orked on a help database 
for a Visual Basic application. 1 wanted 
VB and die help-authoring tools avail¬ 
able at the same time so that 1 could put 
context identifiers in the program while 
1 wrote topics in the help database. 


I set up a Program Manager group for 
the project. An icon ains Visual Basic 
with the application’s makefile on the 
command line. Tliat takes care of the 
software-development side of the pro¬ 
ject. Another icon ri ns Notepad to edit 
the help project file. A Word for Win¬ 
dow's icon starts Word to edit the RT¥ 
text file. An MS-DOS prompt icon starts 
a DOS batch file that runs the Help 
Compiler. 1 used Paintbrush to build and 
change bitmaps; it has an icon in the 
Program Manager group. Finally, an icon 
runs WIN HELP itself to view the help 
document during each stage of its de¬ 
velopment. Tliese tools sit togetlier as 
Program Items in a Program Group with 
the startup subdirectories and command- 
line document files built into their piop- 
erties. Thus, not only do I avoid nim- 
maging through all of the groups to find 
and am ilrem, liut they start up witJi the 
help files loaded and ready to modify. 

The manual approach works, but it 
is not perfect. Getting into and out of 
Word involves telling Word each time 
to convert tile RTF format. The help 
dtx'ument in Word does not resemble 
the display that WTNHFLP uses. You get 
neither a visual tool nor WYSIWYG. To 
see the real thing, you must run the 
Help Compiler and compile the wliole 
database, which can take a long time. 
Inserting the correct footnote tokens 
with the correct fiioinote values is a te¬ 
dious and error-prone process. Re- 
mem]:ier that you are using the features 
of a w'ord processtir to create links and 
chains in a textual database, a text ed¬ 
itor to asscx:iate the link identifiers with 
numbers in the project file, and a 
softW'are-development environment to 
put the numbers in the source code. 
Tliere are no liuilt-in integrity checks. 
Nothing ensures that you properly co¬ 
ordinate the contexts and topic iclenti- 
fiers among the three files. Some, hut 
not all, of tliese problems go away when 
you use a he Ip-authoring tool. 

Microsoft Windows Help Author 

The Microsoft DevelopcT Nctw'ork CD 
contains an TJnsupported Tools and 
Dtilities’’ section that includes a program 
named "Help AutlKJr;' wliicli is easy to 
use and w^ell documentecL The MSDN 
CD-ROM includes as a bonus an ex¬ 
tensive Help Authoring Ciuide that cov¬ 
ers the creative side of the job. 

Help Author has two paits^ an appli¬ 
cation named “I Idp Project Editor" and 
a Word for Windows template. The Flelp 
Project Editor uses dialog boxes to col¬ 
lect the information for the ASCII pro¬ 
ject file. You doiVt have to deal witli that 
file again. It also automates the interface 
witli Word, launching it with the tem¬ 
plate installed and tlie RTF file loaded. 


Answers For Sale 

Match the questions below to the hooks that answer them: 


\. How can I exchange files and email 
with colleagues in Japan? 

2.1 can design software, but how do 
1 make a business out of it? 

__ 3 How can I find 

out about all the 
TeX tools HI need for 
my SGML environment? 

_ 4. How can I zero 
in on die array enhance¬ 
ments in I'ortran 90? 

_5. Howf do 1 let 

nuiltiple developers change 
files and perform builds nn the same product? 



6. Oiir Oracle application ran tine in 
testing, but die response Is terrible now 
that we’re in production. Wliat can I do? 

_7. How do 1 set up configuration 

files to handle cross-environment 
applications? 

If yuu need UNIX answers, 
call for our catalog. 
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A help databa.se can contain more tJian 
one RTF file^ and Help Project Editor 
keeps them in a list. You can also launch 
the Help Compiler and WIN HELP to 
view the currently compiled database. 

1'he Word template adds tliree tool 
buttons to the Word tool bar. 1he fir-st 
one opens a dialog box that lets you 
change the foomote values in the cur¬ 
rent topic. You can add, change, and 
delete the topic's title, context mnemon¬ 
ic string, keywords, browse sequence, 
and so on, all without having to deal 
with Word’s footnote commands. The 
second tcx)i button opens a dialog box 
that lets you insert jump and pop-up 
Links into the database, automatically 
applying tlie Linderlined and liidden text 
attributes. If you select a phrase that is 
already in the text, the operation uses 
it. Otherwise it inserts whatever you put 
in tlie dialog box as the link pliiase. 

The third IckjI buttcm compiles only 
the current topic into a temporary help 
database and calls WTNHELP to display 
it. You preview^ a topic—text, graph¬ 
ics, sound, and movies—exactly as tlie 
user sees it and witliout recompiling the 
entire dataiiase. What you see in Word 
and what WINHELP displays is usually 
quite different. You need to view your 
progress in small increments, and Lliis 
feature supports that need. It is Help 
Author's strongest advantage over the 
other tools, and anyone who develops 
a sizable help database wants this ca¬ 
pability. 'Hie otlier tools do not have it. 

Help Author does not integrate graph¬ 
ics and multimedia tools. You still have 
to launch them yourself and write their 
files into the proper subdirectory so tliat 
the Help Compiler finds them. 

An amusing side to Help Author is 
tliat its own iielp database has context 
errors. Most of the Help buttons on its 
dialog boxes link to help topics that do 
not exist, although there are topics in 
the database to cover the functions of 
ilie diabg boxes. Nonetlieless, Help Au¬ 
thor smooths several of the w'rinkles out 
of the manual procedure, automates 
most of the tedium of using Word to 
build the database, and is well worth 
ttyung. As a Window^s developer, you 
should have tile MSDN CD-ROM, any¬ 
way. Help Author is a bonus. 

Windows Help Mogician 

Windows Help Magician from Software 
Interphase has some good features, 
some bugs, and some annoying quirks. 
Among its quirks is that the setup in¬ 
cludes a package called “Bitmap Magi¬ 
cian.'' Its purpose is to let you buQd a 
pseudofont by converting the charac¬ 
ters in an existing font into bitmaps that 
you can include in the help database. 
Help Compiler uses only a few fonts 


and doesn’t accept all of the characters 
in the fonts it dcxfs allow. For example, 
you can put the trademark character in 
the text, l>ut the Help Compiler deletes 
it from the help database. Bitmap Ma¬ 
gician .solves that problem. 

When you run it, Bitmap Magician 
asks you to select a font. When you do, 
it says that there was an **overflow” with 
no explanation of what that means. 
Next, you learn that you are looking at 
only a demo version. Hie dialog advi.s- 

Because RoboHelp is a 
Word template, you can 
see its source code by 
opening the macros 

es you how to order the real thing. 
When you acknowledge that piece of 
good new^s, the program change.s the 
mouse cairsor to an hourglass and leaves 
it that way. Most Windows users would 
think that the system is hung up. Not 
really. You can use tile hourglass cur¬ 
sor as if it were an arrow. Close tlie pro- 
gram, delete its icons I mm tlie Piogram 
Manager group and proceed to tlie Help 
Magician itself. 

file second annoyance is tlie overall 
apjiearance of Help Magician’s wmdcms. 
11ie design is an example of a designer 
gone wild with enthusiasm over 3-D 
sculptured controls but without the de¬ 
sign skills to know how to use tliem. Ev¬ 
erything in tlie application window and 
all of the menus and dialog boxes are 
iiroadly sculptured. I understand tliat tliis 
Ls a matter of taste, but 1 have never seen 
an^tliing quite like tliis. There is no menu 
bar, only a big, fat, sculptured tool bar. 
When you punch it, it pulls down a 
menu, also sculptured. The menus use 
tool buttons. There are the usual File, 
Edit, Options, Help, and other menus, 
but tliey are all repiesented by ugly tool 
buttons. The real tool bar is sculpted at 
the bottom of the window\ The overall 
appearance detracts from the program's 
functionality. 

Help Magician works with its own 
dataiiase fomiat while you compose tlie 
help information. Then it converts to 
RTF format to run the Help Compiler. 
It launches the word processor of your 
choice but does not provide templates. 

Help Magician has its ow n editor. 
That's a good idea, but it's not particu¬ 
larly well implemented. Text that you 
select for titles and links is surrounded 
by vertical bars, 'llie vertical bars come 
in pairs and have to be bakmced. You 


cannot distinguLsh a starting vertical bar 
from its terminating vertical bar in a pair. 
You cannot distinguish tw^o sets of dif¬ 
ferent pairs of vertical bars, A help top¬ 
ic with centered or justified text, a title, 
and some jump links displays with a 
melange of pairs of vertical bars. It's 
hard to read. 

I went through the tutorial process 
and then tried to add a MIDI sound bite 
to the tutoriars help document. Some¬ 
how I messed up the database. Some¬ 
how the MIDI insertion upset tJie bal¬ 
ance of the vertical bars in tlie line of 
text. I could not build the RTO file or 
delete the line. Help Magician stub¬ 
bornly issued error messages no matter 
what I tried. Finally, I deleted the en¬ 
tire topic, resulting in lost work. 

Next 1 moved to my own project and 
imported the RTT hie that I built using 
the man Lid procedure and Help Author. 
Without making any changes, 1 tried to 
rebuild tlie Help Magician database into 
a new RTF file. Help Magician report¬ 
ed another unbalanced marker, tills time 
telling me that 1 could delete it with a 
Ctrl+bracket key combination. It didn’t 
tell me that before. I don’t know' where 
the unbalanced marker came from. I 
looked at tlie original RIT file, and ev- 
eryiliing looked okay. 1 deleted the un¬ 
balance marker and saved the RTF file. 

Help Magician uses a single-font edit 
box, and your view of the help text is 
completely unlike what it is going to 
look like in a help window', far more so 
than if you are using Word, Centered 
text Ls nor centered, and maigins are not 
shown. I'hose distracting vertical bars 
are everywliere. I'o move from topic to 
topic, you have to change the page 
number in an edit box at the bottom of 
the screen and press the Enter key. 

There is no preview mode. You can 
test the database, which displays the 
help in the same single-font, vertical- 
bar format and lets you exercise the 
jumps and popups. However, to see tlie 
real thing, you must compile tlie entire 
database and mn WINHELP. 

In one place, the RTF import mangled 
a graphic token. You could see where 
some of the RTF protocols weiie exposed 
as if they w'ere text, Tlie result was that 
the Help Compiler could not find the 
bitmap file. I was able to fix the token 
in the editor, but the graphic lost its text- 
centered attribute. I found no way in 
Help Magician to center or otherwise 
justify text or tokens. Similarly, there 
seems to be no way to set margins oth¬ 
er than to launch Word, do it from there, 
and import the RTF file again. Not a 
good idea, given tlie import mangHng. 
Ittere were several otlier places where 
the import mangled tlie RTT frle. I had 
to fix tliem in tlie Help Magician editor. 
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FairCom Offers A Full Line Of High-Performance Servers 
& Development Tools At Reasonable Prices. 


FairCom Servers 

SQL & non-SQL 

These muftt-thmaded database servem 
Offer a seldom-found solution for 
developers who demand cxmtrol. While 
one may mandate SQL access, 
another's real-time demands may not 
tolerate the overhead associated with 
SQL Our unique servers offer the full 
range of data accessibility: low-level 
speed; convenient ISAM4evel; 
compatible SQL-leveL 

Corrplete data integrity Is achieved 
with multi-user transaction processing. 
Recovery of all D3mmitted transactions 
after a failure is fully automatic. The C 
developers 'CLIENT/SERVER' solution: 
DOS nodes to UNIX servers; full 
commit and rollback; roil forward; 
precise control over your data and/O' 
data base model; large files (4GB): 
complete client source code. 


d-tree Toolbox 

Appiication Deveiopment 

Productivity tools with: a complete 
portabie screen handler; data 
dictionary; code generation; easy to 
use data base interface; menus; help 
text; data validation, d-tree's 
dynamics allow runtime controi of 
program resources (screens, files, 
edits, etc,) not found in any other 
development package. Resources can 
be changed in memory, and/or 
swapped on/off of disk at runtime. If 
you do application development on 
multiple platforms (DOS/UNIX), or 
youTe debating 4GL versus C 


c-tree Plus 

High Performance Data Management 

Based on the most advanced B+ Tree 
routines available today, c-tree Plus gives 
you unprecedented control over your file 
management needs. With unparalleled 
sophistication, c-tree Plus has established 
itself as the premier choice for commercial 
development. Use the low-level routines or 
take advantage of the high-level ISAM 
routines for high speed random or 
sequential access, c-tree Plus is 
distributed in complete C source code 
and is known for its portability and 
royalty-free licensing policy. Whether for 
single-user, multi-user or client-side 
appiication development, c-tree Plus 
delivers. Transaction processing is 
included in c-tree Plus- call for a complete 
list of features. 


Natural Query 

Naturai Language Tool 

Produces ad hoc reports quickly and 
easily from English sentences. It is the 
first low-cost, natural language tool 
designed for devel^ers. The QBE option 
has easy4o-use, pick and choose menus, 
making report specifications a snap, 
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and, once again, had no way to set the 
margins or control the justification. 

1 launched Word from Help Magician 
to look at the saved RTF file. It was dif¬ 
ferent now. All of the link phrases and 
their context identifier were displayed 
with a strike-tlirough font and Help Ma¬ 
gician had added a bunch of its own 
footnotes. Even though I had a copy of 
Word running, Help Magician launched 
a new copy. (Help Author's launch was 
smart enough to use die copy of Word 
that was already running.) The strike- 
diroLiglis and new footnotes didn't seem 
to have litm anything. 

Help Magician launches the Help 
Compile^ WINHEU^, Word, HotShoi Etl- 
itor, Paintbmsh, and the Sound Recorder. 
It installs Microsoft Video playback soft¬ 
ware and shows you how to add audio, 
video, animation, and MIDI to a help 
database. Before you use Help Magician 
on a real project, however, spend some 
time widi its tutorial and get a feel for 
how it works and where the bugs are. 
You miglil like it, cind you might not. 

RoboHelp 

RoboIIelp from Blue Sky mns on top 
of the word processor. The current re¬ 
lease supports Word for Windows only, 
aldiough lilue Sky plans support for odi- 
er package.s. It won't lie an easy port 
liecause the main part of RoboHelp 
implemented as a Wc^rd dcxzument tem¬ 
plate with macros written in the Word- 
Basic programming language. There are 
some other executable utilities, incltid¬ 
ing one that launches a Rolx>HeIp pro¬ 
ject, but you can just as easily launch it 
yourself from Word simply by opening 
a document that includes the RoboHelp 
template. 'Hiis implemeriKition is a dra¬ 
matic exiimple of what a programmer 
can do with Word Basic. 

The RoboHelp template modifies 
Word's menus and tCK>l bar and adds a 
floating tool bar that stays on top and 
to the right of the document while you 
are editing. The commands open dia¬ 
log boxes to establish and change the 
characteristics of the help project. You 
add topics, jumps, popups, graphics, 
search keywords, topic titles, and con¬ 
text mnemonics by pressing tool but¬ 
tons and filling in the dialogs. RoboHelp 
manages the document and the help 
project file and does not use its own 
database fbnnat; it uses the Word doc¬ 
ument format. One tool button writes 
the R'fF file from the Word document. 
Another runs llie Help Compiler to build 
the help database. 

You am preview a topic by pressing a 
button, Ixif the preview^ is not much liet- 
ter than what Word is already showing 
you. For example, it doesn’t show graph¬ 
ics. In fact, RoboHelp's topic preview is 
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not as good as viewing the topic in NJtord, 
'the preview justifies all of tlie text in die 
left mai^in regardless of how you have 
the margins and paragraphs set up. It 
shows die graphics-insert tokens just as 
they appear in the doaimenL It's a fea¬ 
ture they could have left out. 

There are other things that I would 
change. When you open a RohoHelp 
document, iLs Word template defaulLs the 
Edit/Find command to search for liid- 
den text, presumably so you can find 
the jump and pop-up links. Most of my 
searches are for text in the document, 
which is not hidden, so J have to change 
the Find property every dnie. The '‘H’" 
tool button that the template added 
changes selected text to unhidden, an 
odd choice for this button. I wouldn't 
think you'd need diis one very often. A 
lietter choice would be to toggle hidden 
text into and out of view. Some of die 
time you want to see the linksj other 
times you want die text to line up more 
like it dtxiS when WINHELP displays it. 

Like Help Magician and unlike Help 
Author, RoboHelp does not use an ex¬ 
isting running copy of Word; it launch¬ 
es its own. Because RolxiHelp Is a Word 
template, you can see its source code 
by opening die macios. Furthermore, il^ 
you don't like the behavior that I just 
described or anything else, you can 
modify it by changing the WorclBasic 
code. You could even add your own 
adaptation of Help Author's indispens¬ 
able topic-preview feature. 

RotoHelp liuilds context-identifier files 
you can include in C++ and Visual Basic 
programs. It includes a VBX control that 
adds a help button to a dialog box and 
prompts you for die associated context 
identifier. A Screen Capture utility' ma¬ 
nipulates pictures from the Cliptoard. It 
runs in die liackground waiting for you 
to put some graphics in the clipboard. 
Wlien you do, it pops up with an image- 
processing tool that lets you modify what 
you captured into a bitmap for your help 
database. There is also an icun-compo- 
sidon tool included with RoboHelp. 

Summary 

It’s not hard to pick a lavorite from tliese 
alternatives. The manual approach 
worked, hut was tedious. I prefer it over 
Help Magician, hcswever, which seems 
to be not quite ready for prime time. 
Help Author is an order of magnitude 
better than the manual setup, and Robo- 
HeJp is far and away the best tool for 
the job that tVe seen. 

When I started this project, 1 went 
looking for “Visual Help." Although I 
didn't find exactly that, 1 am satisfied 
that there are tools that make die job 
easier. 1 do think, however, that a need 
for such a product exists. It would have 


all of tlie best features of die diree pack¬ 
ages discussed here. In addition, iLs ed¬ 
itor would emulate the WINHELI^ dis¬ 
play— that’s the “visual" part. The tool 
would use RTF as its native database 
format and could emulate the jumps, 
popups, and multimedia features of 
WINHELR Unlike Word, it would dis¬ 
play graphics without taking all day. 
Such a program would eliminate Help 
Compiler until the end of the help doc¬ 
ument development project. Tliis would 
l:>e a valuable product. If you build it, 
they will come. 
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Automatically generate source code: 
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direct PCL and PostScript support in Windows and DOS. 
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Algorithms for Directed 
Graphs 

A unique approach using genetic 
algorithms 

Salvatore R. Mangano 


D irected graphs underlie any tool 
that displays a tree diagram, class- 
relationship diagram, or entity- 
relationship diagram. As such, you 
might expect a CASE tool to provide an 
optimized directed-graph drawer. How¬ 
ever, most CASE tools I'm familiar with 
punt when addressing this problem. Al¬ 
though an algorithm for drawing a di¬ 
rected graph like that shown in Figure 
1 is Straightforward, a general-purpose 
graph drawer tliat draws graphs in an 
aesthetically pleasing fonnat is difficult 
to create and computationally expen¬ 
sive. So, CASE tools usually use a few^ 
simple rides to get an initial layout and 
then allow the user to dean things up 
by dragging objects around. Putting the 
burden of “pretty drawing’' on the user 
wastes time better spent on tlie design. 
This article looks at a novel solution 
to this problem using tlie emeiging tech¬ 
nology of genetic algorithms (GAs), 
Specifically, I'll use EOS, my company’s 
C++ GA application framework, and Mi¬ 
crosoft’s Visual C++ to develop a mod¬ 
ule for optimizing die aesthetic layout 
of directed graplis. TU create a Windows- 
hosted lest applicatiiin thtit exercises this 
module on randomly created graphs. 
The intent of tills article Ls not to pro¬ 
duce a commercial "grade graph draw¬ 
er, hut rather to demonstrate the use of 
GA technology on a nontrivial and 
unique problem. Since most prograni- 
mers’ first exposure to GAs is usually 
on a function-optimiziition pr[>blem, this 
article provides some insiglits on die ad¬ 
vanced use of GA tecliniques. 

The Technique 

A GA is an algorithm that works with a 
population of potential solutions to a 
problem. Through means analogous to 


Sal is presideni of Man Machine Inter¬ 
faces, He can be reached at 555 Broad 
Hollow Road, Stdte 230, Melvilie, NY 
12 74 7 or on CompnSeTve at 72053,2032. 


biological naairal selection, it evolves laet- 
ter and better solutions to the problem. 
To accomplish this, die user of a GA must 
fust find a way to encode the problem 
into a string of bits. The bits are analo- 
g<ius to genes and the strings to chro¬ 
mosomes. The encoding of a stolution as 
bit strings is often called tlie “gctiotype" 
and the deceded solution, the “pheno¬ 
type.'* The genotype is mapped to the 
phenotype by the decoding function. 
Tlie next step after the encoding is the 
measure of fitness. Fitness is one of tlie 
core elements that appear in ever^^ vari¬ 
ation of a GA. Calculation of fitness in¬ 
volves mapping a solution onto a pos¬ 
itive number such diat greater numbers 
correspond to l^etter solutions. This 
mapping is accomplished by the fitness 
or objective function. 

The second core feature of every ge¬ 
netic algorithm is a population of indi¬ 
viduals. At any rime during the execu¬ 
tion of a genetic algorithm, tfiere exists 
a population of candidate solutions to 
die problem (individuals consisting of 
a genotype and a phenotype). The ini¬ 
tial population is usually generated ran¬ 
domly. The process of transfomiing diis 
initial, mediocre population into a pop¬ 
ulation containing near-optimal solu¬ 
tions is the heart of the GA. It proceeds 
liy iterations of the following genetic 
operators: .selecdon, reproduction, crass- 
over, and mutation. 

Selecdon is die pirxress by wliich can¬ 
didate individuals from the current gen¬ 
eration are chosen to prcxluce the next 
generation. Seleetion is a survival-of- 
the- fittest strategy. After two individu¬ 
als are selected, a weighted coin is 
flipped to determine if die individuals 
will mate to produce two new offspring 
or simply be placed in the next gener¬ 
ation as is. Madng is accomplished by 
the crossover operation. The probabil¬ 
ity of mating is called the “crossover 
probability" (pc). Tlie simplest fonn of 
ooussover, called “single point,” is shown 


in Figure 2. As each bit is copied from 
parent to child, it is subject to mutation 
based on the mutation probability (pm). 
Pm is usually veiy small, reladve to pc. 
Iterations of selection, reprcxlucdon, and 
mating are repeated until a new popu¬ 
lation is created. At this point, the fit¬ 
ness values of die new population are 
recalculated, and the process repeats 
until either some acceptable solution is 
found or an upper time limit has been 
reached. The GA described above can 
lie summarized by die prexedure shown 
in Figure 3- 

The Tools 

A GA framework is useful due to the 
large numlx^r of GA variants that can be 
produced \yf altering one or many of die 
steps in the basic algorithm. GA re- 



Figure /; Typical directed graph. 
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Figure 2: Singie-point crossot>er. 
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Initialize a random population and measure Its fitness. 
WHILE (stopping criteria has not been reached) 
BEGIN 

WHILE (nesd geneiation is not full) 

BEGIN 

Select 2 parents randomly based on fitness, 
IF(Flip(pc))THEN 

Cross parents (mutating with probability pm) 
and place children in next generation. 

ELSE 

Place parents into next generation untouched. 

END 

END 

Solution with highest fitness is the answer. 


Figure JL- Pseudocode detailing the GA process. 
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Figure 4: Reiationsbip beUmen clmses. 


(continued from page 92) 
searchers have mvented several variations 
on selection, reproduction, crossover, and 
mutation. Each variation can be mixed 
and matched to produce a unique GA 
variant. Object orientation turns out to 
be an ideal technique for expressing 
these variations. Tlirough an adept com¬ 
bination of inheritance and composition, 
aU tire GA variants can be expie^ed. This 
ultimately allows you to code a GA us¬ 
ing the basic technique and then try vari¬ 
ations by instantiating different classes. 
Although EOS consists of over 80 
classes, rU restrict this discussion to a 
small relevant subset— IBasicGA, TPop- 
idation, TEnvironment^ TBinarylndi- 
vidual TGenot)pe, TPhenotype, TBinary- 
CrossoverFunctor, tmcl TBinaryMutation- 
Functor. These bases consist of many 
derived classes that implement variants 
of the basic GA. Other classes exist to 
implement special-purpose features. 
Each of the classes listed encapsulates 
a different behavior of the overall GA. 
JBasicGA is the genetic-algorithm in¬ 
terface class, TPopulation is a collection 
class that holds instances of TJndivid- 
uai. TPopulation encapsulates the se¬ 
lection operation. TEniHronmefU encap¬ 
sulates the GA's parameters—pc, pm, 
the random-number generator, and oth¬ 
er statistical information. Wmaryfndi- 



















































vidtial IS an interface class that unifies 
instances of TXSenotype and TPhenotype 
into a single object. WirmjyCenot^ 
encapsulates the binary genetic coding 
of the problem as strings, and it pro¬ 
vides an interface to the cTOssover and 
ntutarion classes. TPhenotype encapsU’ 
lates the decoding hmction and the fit¬ 
ness hmction. It Is the main class from 
which you derive to build a GA-based 
ap plication. TBina ryCrossoverFu nctor 
and TBinaryMutationFunctor'die class¬ 
es that encapsulate the operations of 
crossover and mutation. These classes 
are called functors because they are 
functional objects. Functors are used so 
various flavors of crossover and muta¬ 
tion can be plugged in or out of a geno¬ 
type without recoding any of the geno¬ 
type's methods. Figure 4 shows the 
relationship between these classes. 

The GA Module 

To derive a genetic encoding, Til for¬ 
malize the problem we are attempting 
to solve. We are given some arbitrary 
direaed graph, as well as a grid where 
each cell represents a potential home 
for the graphical depiction of a node in 
the graph. The goal is to find an as¬ 
signment of nodes to cells such that 
when the arcs are drawn, we get an aes¬ 
thetically pleasing picture. Stating the 
problem in this way makes some cru¬ 
cial assumptions that may not be true 
in a real situation. First, I assume that 
the nodes, when drawn, are of equal 
size. Second, I assume that once I have 
assigned nodes to cells, the arcs can eas¬ 
ily be drawn to complete the best pos¬ 
sible drawing. (In other words, we need 
not optimize the drawing of arcs.) Third, 

I assume that the nodes are equally 
spaced in a grid and not arbitrarily 
placed on the output screen. I make 
these assumptions to simplify the ex¬ 
ample and the code. A mom general so¬ 
lution is certainly possible using GAs. 

Genetic Encoding 

If each node in the graph is assigned a 
sequential number, tlien the problem 
can be viewed as a mapping of each 
node number onto an (x, y) coordinate 
in the grid. The mapping that keeps 
connected nodes close together and pro 
duces the fewest arc CTOSSings will yield 
more aesthetically pleasing drawings. 
Other domain-dependent criteria may 
come into play when determining bet¬ 
ter drawings, but I ignore this possibil¬ 
ity to expedite the solution. 

Given the above formalism, the en¬ 
coding treats the bit string as a series of 
(x, y) pairs. Tlie iirst pair assigns nodeO 
to grid cell (xO, yO). The second assigns 
nodel to (xl, yf), and so on. This en¬ 
coding allows collisions (two or more 


nodes are assigned to a single cell), so 
J need a cdiision-resolution procedure. 
A problem like this often arise^s in GAs, 
and there are se\eral approaches to lian- 
dling it. Some programmers assign very 
low fitness values to illegal genotypes. 
Others attempt to repair illegal geno¬ 
types liefore decoding them. Still oth¬ 
ers create special-purpose crossover and 
mutation operators that do not allow il¬ 
legal genotypes to arise in the first place. 
In this case, Til resolve a collision by 
searching for the closest empty cell to 
the one assigned, according to a fixed 
procedure. This is similar to a repair 
tedmique, hut we are repairing the phe¬ 
notype instead of the genotype. 


Given that I have a graph with N 
nodes and a grid diat is X cells wide and 
Y ceils high, I can calculate the required 
length of the bit siring using the equa¬ 
tion in Figure 5. If X and Y are not pow¬ 
ers of 2, then it is possible that (x, y) 
pairs can be encoded such that either x 
or y is greater then X or Y, I resolve this 
problem by always decoding x modulo 
X and y modulo Y. The decoding is im¬ 
plemented by a TPhenotype derived class 
caEed CGraphDrawingPbeno. This class 

ChromcBome Length=N*{rio9|2(X)1+[1092001) 

Figure 5: Equation to calculate the 
required length of a bit string. 
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OPTLINK^ 5.1 for Windows 

Shrink your /irogram We sizes anoRter 50%! 

Enables Windows developers to generate compressed self¬ 
loading executables (.EXE) and Dynamic link Libraries (.DLL), 
thus reducing file sizes an additional 50%* 

Benefits include; 

• Loads applications faster 

• Saves you $'s - fewer diskettes to ship 

• Speeds up instelietion time 

• Complicates reverse engineering ^ 

• Reduces your customers' disk requirements 

• Only requires relinking 

Other reasons to use OPTLINH: 

• Fastest Windows linking 

• Unrivalled capacity 

• Builds the smallest programs 

• No limits on debug information 

• Eliminates RC, IMPUB, IMPDEF 



OPTLINKr^^™^ 


^ LINKER HEADACHES 


OFR/IVK v5.1 for Windows also adds support for Borland C++ v4.0, Microsoft Visual C++ 
vC5 and Symaiiiec C++ v6.t* Full debug support for CfKleView and Turlie Debugger 30 Day 
Money Back Guarantee. Price: S350. 


SLP Systems, Inc. 

1622 N. Main Street Butler, PA 16001 USA 

Phone: (412) 282-0864; Fax: (412) 282-7B6B 



anCLE NO. 216 ON READER SERVICE CARD 


THERE IS NO SUCH 
THING AS A FREE MAKE! 

Why pay for a Make utility when one comes free wilh your compiler? Be¬ 
cause the moment you start using it you start paying for it You pay with your 
time, effort and frustration in trying to keep your software projects up-to-date. 

Opus Make excels where your Make falters. For large projects and interfacing 
to version control systems, for transparent handling of your Microsoft and 
Borland makefiles, for PolyMake makefile processing at twice the speed tor half 
the price, for exceptional technical support at no additional charge, Opus Make 
version 6.0 is the only economical choice. 

Your time isn't free. Neither is your sanity. Find out why Andrew Binstock says 
" Opus Make is the most compeHmg reason for not using the wake 
utMies bundierl with today's compiim." 


O 

% 


I 

CP 


% 



OP" 




o 


pA.O^ 
















OPUSSoft’*"" Phone- 


Sio*' 

Intain'*'*®'* 










USA 

Bath DOS 
and OS/2 
tor only 
$165.00 


A UaU' Ml Wf!X M hMnitrta ar QPUS kC (Mr MkrvUi ii; mpsd bf m 

CtRCLE NO. 599 ON READER SERVICE CARD 


contains a two-dimensional maUix tliat 
will represent the grid. The genotype 
wall be decoded so that each entry in 
the matrix will receive the node num- 
Ix^r of the node assigned to that grid po¬ 
sition. Empty positions will be assigned 

A GA framework is 
useful due to the 
large number of 
GA variants that can 
be produced 


a value of 0. The deccxling of the geno¬ 
type is implemented by CGrapbDrmi^- 
ingPhejio:. Decoder ) member funaion; 
see Listings One and Two, page 106. 
Tlii.s funaion uses a reference to a graph 
drive class to determine the number of 
bits in each component in tlie encoding. 
It copies these bits to buffers to be con¬ 
verted to integers by the utility functions 
AileiesToInH ). '‘Allele," a term torrowed 
from Ihulogy, refers to the value ex¬ 
pressed l.'>y a gene. Once the node, its 
row', and column in die grid are decod¬ 
ed, the member funcrion OetNearesi- 
Hnipty’Clelif) is called to resolve tlie po?^ 
.sihility of a node already existing at the 
desired locatitm. 

The Fifness FuncHen 

Nt>w' that 1 have a way to encode the 
placemeni of a graph 's nodes on a grid. 
[ need a technique for evaluating each 
placement's fitness. There are many ways 
to do tills. depending on what you con¬ 
sider to be an aestlietically pleasing lay¬ 
out. Wlien deriving tills fitness function, 
i let intuition guide me in the initial 
derivation and tlien exfXTiment to tweak 
tile function so it works well for a vari¬ 
ety uf graphs, fhe function I ultimately 
arrived at can be seen in the CGraph- 
DmwingPheno class’s CaicFitnessf} 
memixT function; see Listing Two. The 
idea IxTiind tliis function is to reward 
genotypes tliai deccxie into drawings 
where nodes connected by an arc are 
adjacent or close anti to penalize when 
nodes are adjacent but not connected. 
This is done on a node-by-node basis 
so the resulting fimess value Ls a mea¬ 
sure of how' well nodes of the entire 
graph w'ere assigned to grid locations. 
Notice tfiat 1 completely ignore am draw¬ 
ing for simplicity. The remaining niem- 
bers of CGmpbDrawingPbeno impie- 
ment construction, destruction and 
copying. I also include some private-util¬ 
ity functions tliat encapsulate die testing 
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for adjacency and the calculation of dis¬ 
tance lietween grid cells. Tliese can l>e 
used in experin^ntlng with variations of 
the fitness riinction. 

1 include three other classes in this 
mo du le: CGA GraphD river, CGraph - 
Draum<]A, and CWordMairix. CGA- 
GrapbDriver is an interface class that 
collects infonnarion (such as numl:)er of 
nodes in the grapli and the size of the 
grid ) lie fore the GA and its associated 
objects are initialized; see Listings 'lliree 
and Four (page 107). A very important 
hinction in tliLs class Ls CakChmmosonie- 
Lef 2 gth(), which, based on the number 
of nodes and the size of the grid, de- 
temiines tlie nuitilier of bits necessary 
in a chromo.some to encode the prol> 
lem. Also included in this class are func¬ 
tions for drawing the optimized and 
unc^ptimized views c^f the graph. These 
use Windows-specific functions, but 
the logic can be easily ported to other 
grapliics systems. 

CGraphlMiti^rGA is derived from tlie 
EOS class CBasicGA. It overrides the 
population-creation function and sev¬ 
eral reporting functions useful for test¬ 
ing the GA’s performance before it is 
embL*dded into a larger application, list¬ 
ings Five and Six (page 147) show the 
class Lledamrion and implcmentation of 
CGrupbDraumGA. The important func¬ 
tion here is CrealePopulationf I Tfiis 
function determines the characteristics 
of the genotype, phenotype, and the 
populaticjn. I use a t^^cvpc^int crossover- 
operator genotype (instead of single 
|x:)int) because this tends to work liet- 
ter with longer chromosomes, 1 also 
use a population ledinique known as 
EUiism, wriiich ensures that a certain 
number (in our case, two) of^ the lx:st 
individuals from the previous genera¬ 
tion make it to the next generation. This 
improves performance on some types 
of problenrs . 

The utility class CWordMatrix imple¬ 
ments a 2-D matrix of WORDS. Its im¬ 
plementation makes use of the MFC’s 
CObArray and CWordArray to create 
an array of CWordArmys. 

The Test Progrom 

To te.5t the graph-optimizing GA, I cre¬ 
ated a simple Windows-hosted applica¬ 
tion using Visual C++. I used AppStu- 
dlo, AppWizard, and ClassWizard to 
automate the creation of this program. 
Tlie progiam uses two dialog boxes. The 
First dialog Ixjx allows me to spedty the 
graph logically in terms of the number 
of nodes and their conneaions* The sec¬ 
ond allows me to specify tlie lx>unds of 
die grid and trigger the GA optimization 
of die graph on the grid. [ also include 
options for disphning die optimized and 
unoptimized views of the graph. The 


optimized view is die liest .solution Ibund 
by the GA; the unoptimized view is an 
arliitrary drawling of the gra[>h from first 
node to the last. Due to the length of 
the test program, the complete listings 
for this project are available electroni¬ 
cally; see ''Availability,’" page 3. 

Conclusion 

Fxperiments that I have conducted us¬ 
ing the GA-based gmph-drawing mod¬ 
ule demonstrate that CjAs present a 
viable solution to the problem. By im¬ 
proving the fitness function tind by pos¬ 
sible use of custom genetic operators, I 
Ixlieve Cm tills technique also work 
in commercial CASE tools. 


SOFTWARE-ONLY 
DEBUGGERS hr so{, 

Wmdoivs oiftf OS/2... 

■ Use Periscope/liM lo debug red- 
mode DOS software, including applica¬ 
tions, drivers, TSRs, and interrupts. 
Run Periscope/EM from conventional 
DOS memory or extended memory, 

■ Use Periscope/32 to debug system- 
level software running under Windows 
3.x, OS/2 2.x, or your own 32-biL 
operating environiiieot. 
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RENT OR BUY THE 
HARDWARE when you 

need the power of on KE... 

■ The Periscope Model IV hardw^are 
adds the power of an ICE lo both 
Periscope/EM and Periscope/32, Debug 
hardware interrupts, communications 
software, real-time software, and in any 
situation where you need zero slow¬ 
down, no-impact tracing or monitoring. 


'Tve checked out all the variotis odier debuggers as theyVe clamored for 
my keyboard, but Periscope is the one I’ve stayed with/' 

Stem G0son, In/oWorM May24,1993 

Coli us TOU-FREE 800/722-7006 tu order 
or for product details and prices. 

PERISCOPE' 


1475 PEACHTREE ST., SUITE 100 • ATLANTA, GA 30309 USA 
404/888-5335 • FAX 404/888-5520 • 800/722-7006 (US & CANADA) 
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To vfAu ftff Ijvtjrilt: artictc, ciiUc inquiry no. 10. 


ttt 


When the debugging gets tough 

REACH FOR ONE OF PERISCOPE'S 
" BUn-SAVING" DEBUGGERS. 

"Great product, has already 
saved my butt more than oncer 
says one relieved Periscope user. 




Just push the ^^penic button" on the breeh'Ot/t syntcb /koines mtb aff Penscopes} 
uJteu your system tochs up. 
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810WFISH 


Listing One (Text hegim on page 3SJ 

unsigned short c: 


urLsigned short d; 

/* Blowfish.h */ 

unsigned long y: 

Hefiaa MAXKEIBYTES /* 44S bits +/ 

d = 3£ i 0X00FFP 


X >>“ B; 

short opensuhkeyfile(void) ; 

c = K i 0«4®FF; 

unaigned long F (ittiEigned; long seJ i 

X >>= Bt 

void Blowfisli_enciplier(uiiaiaiied long unsigned long 

b = X £ 0M00FF: 

void Blowfifih_deciphjer{uiialgfled long til, unfligned long txr) s 

X B; 

short InitlalizeBlowflshlchar keyd, short keybytes)! 

a = x £ ISC00FF; 


y = ((S[0, aj * {S[l. bj % 32)} * S[3, c]) + (S[3. dj % n)t 

uaTing iwo 

7* Note: There is e good chance that the folloyilng line will execute faster */ 


/* y ^ f(S[0,aI + (Sll , bl i 0K001E)) ^[2. cj) + (SL3.dJ £ 0il30lF) i «/ 

/+ Blowfish.c */ 

return y: 

y 

ninelode <doBHh> 

J 

void Blavfiah_euciphet(unsigned long unsigned long i=xr) 

ttinclude <g[aphice.h> 

[ 

Hinclude <lo,h> 

unslgnud long XI; 

ttinclude <Bath.h> 

unsigned long Xr; 

^include Cetdio.h> 

unsigned long temp; 

ttinclude <stdlib.h> 

short i ; 

ttinclude <tljne.h> 


ttinclude <allQC.h> 

XI « *xl] 

ttinclude <ctype.h> 

Xr = *xt: 

ttinclude <dlr.h> 

for {1 ■ 0; 1 < K: ++1) ( 

ttinclude <biod-h> 

XI = XI * F[l] : 

ttinclude <Typea.h> 

Xr - F{X1) Xr; 

ttdefihE N 16 

reBp ■ XI; 

ttdefine noErr 0 

XI = Xr; 

ttdefine DATAERROE -1 

Xr « temp; 

* define KEYBYTES B 

1 

1 define eubkeyfilenaBe '‘Blrjwfiah.dat'^ 

teup “ XI; 


XI = Xr; 

atata G unsigned long F[ISJ: 

Xr = temp; 

static unsigned long S[4.2561; 


static Fltl* SubJteyFiie: 

Xr = Xr ^ F[N] ; 


XI ■ XI ^ P[N + 1]: 

short opensubkeyflie(void) /* read only */ 


( 

*3tl - XI: 

short error; 

•ir = Xr: 

ertor - ncBtr! 

) 

if f (BubkeyFile * fopen(subkeyfilenaina.'’rb'’) ) " NULL) C 

void BLovHFiih-declpher(unsigned long *k1 , unsigned long *xr) 

error ^ BATAIREOE: 

E 

J 

unsigned long XI; 

tetutu error: 

LMislgned long Xr; 

) 

unsigned long tenp: 

unaigned long F(tinfligned long x) 

[ 

ahort i; 

unaigned short a; 

Kl = *xl; 

unaigned short b! 

Xr - *Jtc; 


Let VS Install of our products on your computer within 
the hour!^ Plus...on request we could send you our product 
line‘s... 24 hour vending Mow’d we do that^ With HPI 
technology. And you can too...with hpiOMM/Crypto. 


LOCAL/REMOTE INSTALLS 


DISTRIBUTION 


hpiOMNI 


NEW! 
INSTALIT/Crypto 
hpiOm/iiVCrypto 
INSl'ALIT V5.0 

DCJS&OS^ or Windows 

INSTALIT/NT 
INSTALIT/VBX 
hpiWcre/ioMs V2,0 
\iipWend 
Quick Release 



no hidden royalties or relicensing 

the most comprehensive and advanced distribution systems 
available at any price, guaranteed! 
network, ZModem, or diskette distribution 
free trial i 90 day money back guarantee 
INSTALIT language or Visual Basic Custom Controls 
scripted / non-scripted 
source available 

Extended Edition includes patching, duplication, and the 
revolutionary Distribution Desktop of Windows 
• locked CDROM / diskette distribution 
any of 14 languages including Japanese 
robust uninstall 

on-line help 91 7-C Wiriowbro ok Drive " HuntsviEle, AL 35S02 * USA_ 

Call BBS Demos 205.S80.3785 - FAX info 205.080.8705 

From your FAX phone - MC/VIS A/AM EX/PO • Interne! saEes@instalit.com 


Join US at our HH User^s Group Meeting 
“Emergii^ Distribution Technolqgies” 
Call for reservationsi May 19“20 1994 


MpOSCFT, 

WINDCWS.. 

tOMtATlaLL- 


' Modem and credft card required 

“Try (he cietnoB, purchase on [ha spot! 
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for fi = N + 1: i > 1: —i) [ 

1 

fcloefSubkeyFile); 

XI - JCl * P[£J: 

J = 0! 

U ^ F(3tl} * Xr: 

for tl - 1 C 18: ++iJ C 


data = 0100000000: 

Eicharifie Xl and Xr */ 
tanp » Xl! 

for fk - 0: k < 4: ++k] C 

data = (data 8) ! kayUI: 

XI = Kr; 

j - j + 1; 

Xr ■ temp: 

if (J > keybyteal [ 

1 

5 - 0; 

/* EjtthflliBE XI and Xr ♦/ 
temp = Xli 

] 

} 

XI - Xr: 

l■[i] = r[ij ^ data; 

Xe b teapr 

) 

datal = 0*00000000; 

Xe » Xr " Efll ; 

datar - 0!X00000000: 

XI “ XJ ^ 

for (i ^ 0; i < Id; i *= 1} { 


Blowfuh.erkeipher (idstAl, kdatAr>: 

- Xl! 

•it * Xj: 

PEI] - datal: 

1 

F[i +11= datar; 

shart InitiAliieBlovfishfchat kayO, short k«ybytafl] 

] 

{ 

for t| = 0: i ^ 4: ++j3 £ 

short it 

Bhort ji 

short kx 

fqr (i = 0: i < 256; i +“ 2) t 

BLovfish-fincipherCddatal, Adatar}: 

Bhort error; 

S[j* il - datal: 

short flumrsad: 

SU* 1 + 1] ^ datar; 

unsigned long date; 

] 

tMiaignod long datol; 

1 

unaigTied long ditar; 

} alas { 

/• Fitflt, opEfi th«! file. cDijtalning the array initialisation data •/ 
errar » opensuhkeyfileO ; 

printf('’Unable to open iuhkey initialisation file s «dW'. erroir): 

3 

if terror == tioKrt) { 

return error: 

for (1 ■ 0; 1 < N * I; ++1) ( 

) 

numread freBd(&da1:^, 4* 1. SiihJteyllle) ; 

prlntf(**Xd ; %A : numreAd* i. AdAtsh 

End Listings 

If (niMreBd != 13 t 
return MTAERROX; 

) olBB [ 

P[±l - dACAI 

} 


} 

for (i = 0; i < 4; ++i) [ 


for (j “ j « 556: ++J) t 


nuroread ^ freadUdata, 4* 1, Suhkeyfile}; 
prlntf (" fud. *dl : i* j. fidaiAj; 


if (numread T*® i) ( 


tetum DAXAEItaOR: 


1 olse C 

S[i, j] = data: 

I 

J 



$325 RISC Module 



Eliminate PCs from Control and Display Applications. 

32 Bit ARM RISC with 64 bit SVGA out performs 486! 

The Pixel Press module from Applied Data Systems brings 32 bit ARM RISC processing power to 
Machine Control, Data Processing, Status Display and 10 control applications. Unlike Intel 
processors, the ARM processor "Boots" In 32 bit mode and requires no memory managment or 
operating systems overhead. Any programmer with Z80 or 8051 experience will appreciate this 
simple, 32 bit wide and fast (83 ns cycle) architecture. 

While users can write custom C or Assembly 
programs, many applications will use the 
ROMed graphic commands for display 
creation and control. Direct connection to 
either a parallel port or processor bus 
allows high spaed (1 MByte/Sec) 
transfers of commands and data* 

Downloaded user code can control over 
64 ports of external user hardware. 

Each Pixel Press module contains 256K 
Bytes of processor DRAM, 512K Bytes of 
memory mapped (packed pixels) frame 
buffer DRAM, upto 4MB of EPROM, a 
serial debug port, and a voltage supervisor / 
watchdog timer circuit. A Xilinx FPGA 
provides either CGA, VGA or SVGA video (1024 x 
768 None Interlaced) at 4 bits per pixel and supports 

LCD* EL and Plasma display technologies. The 3x5x0,5 inch size and 800ma @ 5V power 
requirement make the Pixel Press ideal for embedded applications. 




Plane 


A Demo Kit consisting of the Pixel Press* SVGA monitor, demo circuit and power supply is 
available for only $795. A C Compller/Assembler/Debugger is available FREE! 

For More Information Calk 


Applied Data 5ystems*1nc. 409A East Preston St. Baltimore MD 21202 USA 
1 -800-541-2003 FAX 1 -410-576-0338 Outside USA 1 -410-576-0335 
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WAVEIETS 


Listing One (Text begins on page 44.) 

fordj endlen: i*+5 

( 

h GOMVOLVE.C */ 

h Copyrigjit (C) 1993 Mac A. Cody - All rights reserved */ 

head-ssre = asre + j: /* point to appropriate initial element at head •/ 
head-dsre * dare f j; /* point to appropriate initial element at head */ 

Ip-fltr ^ h; /* Bot up pointer to lowpaas filter */ 

tiriEiliide "i:Qfivolve.li'' 

hp-fltr = gj /* Set up pointer to highpasa filter */ 

/* initial lowpass and hi^paas even product */ 

/* DualContfDecS - Convolution of data array vlth decompoSItion filters 

dot-pE * *hcad_asrc * *lp_fltt-H- + *head-dBrc • •■hp„fitr++; 

follo-yed by decimation by twOr 

/* initial lowpass and hig^ipasB odd product */ 

Input [s]t KEAL,TYPE i^src - Pointfir to source data sample array. 

dot...po * *head.asre-- * •lp^fltt++ f •head-dsre-- • *hp.fltr++: 

REAL-TYPE ^htilda - Pointer to lowpesa filter array. 

EEAL^TYPE *gtildfl - Pointer to highpaes filter array. 

ford 1 ; i < filtlen; i+*) /* perform remaining products •/ 

t 

short Btclen - Length cf acurca data array. 

dot-pe += *head-aBrc * *lp-fltr++ + '*head_dsrc • •hp-fltt+*: 

short flltlen - length of filter arrays. 

dot-po +“ *head-asrC“^ • *lp-fltt+t + *haad-darc-“ • •hp,.fltr++: 

Output (s}i REAL-TYPE *adfft - Pointer to approjiiiution data saurple array. 

1 

HEAL^TYPE tddst - Pointer to detail data Sample array. 

/* save the completed lowpaas ptid hlghpaSa even dot product •/ 

•/ 

void DuHlConyDeQ2(HHAL.TYPE *flrc. REAL-TYPE *adat. REAL-TYPE -ddat. 

REAL_T1^ •htilda 4 REAL-TYPE ^gtilda, short irclen, short filtlan) 

short 1 * j, brkleTi. endlen; 

*dBt++ ■ dot-pe: 

/* Save tha completed lovpass and highpasB odd dot product */ 

*dat++ » dot-po: 

1 

j 

) /• End of DualConvIntZSum •/ 

REAL^TYPE adot^p^ ddot^p; 

REAL-TYPE •head-src, *lp_fltr, *hp-fltr; 


brklen ^ 1 ; /• initial break in dot product ia after first element 
/* parfora truncated dot products until filter no longer hangs off end of 

Listing Two 

array; deciltetion by two handled by tw-eleuient shift: break count 
increases by two on every itacation 

/• AHRT.C */ 

for{j 0 : j < filUen: j 2 . bfiaen += 2 ) 

/• Copyright (C3 1991 Nsc A, Cody ^ All ri^ts reserved •/ 

head-pre = arc + Ji /• point to appropriate initial element at head */ 

liinclude " wp - types, h** 

Ip.flti ■ htilda: /■ set up pointer to iowpaes filter +/ 

(include "awpt.h" 

hp-fltr = gtilda: /■* set up pointer to highpasa filter */ 

adot_p « *head.aFC + *lp^fltt+ti /+ indtial loupass product of head */ 

llnclude ''convolve, h" 

ddot-p = fhead-arc— • ‘hp-fltr+t; /* initial hlghpnss product of head •/ 

/• AtfPT - Aperiodic Wavelet Packet Transform: Data is assumed to be 

for(i = li i < brklen: 1 -m-) perform remaining products of head */ 

non-periodio, bo convolutiouB do not wrap eraiind arrays. 

[ 

Convolution data past end of data is generated and retained 

adDt,.p t» *head^src * *lp-fltt++j 

to allow perfect reconstruction of original input. 

ddot-p += *haad-Btc-- * *'hp_fltr++: 

Input (a): REAL^TYPE *iiidata ' Pointer to input data anmple array. 

) 

REAL-TYPE •htiida - Pointer to lowpeas filter array. 

*adet++ ■ adot_p: /• save the completed lowpase dot product */ 

REAL ..TYPE *gtilda - Pointer to highpass filter array. 

*ddaf*^ ddot-p3 save the completed highpass dot product •/ 

short filtlen - Length of filter arrays. 

] 

Output ffl )3 WPTfltruct ‘out - Pointer to transform data scructute. 

endlen = stclen + filtlen - 2 ; /* find total length of array */ 

Note: Structure pointed to by 'out' containa: 

/+ perform convolution to the physical end of the array 

out“>levols - Number of levels in transform [short). 

with a simple dot product loop •/ 

out->length - Length of input data sample array (short). 

for{; j r- endlen 3 j +» 23 

head.erc ■ arc + /* point to approptiata initial element at head */ 

out-^data ^ Painter to pointer of errays of data {REAL^lYPE **•). 

void AWPT(REAL-TYPE *indatB. WPTstrtict •out. 

Ip-fltr *= htilde; /* set up pointer to Lowpess filter */ 

REAL.TTPE ‘htiida, REAL-TYPE ‘gtilda. abort filtlen) 

hp-fltr ■ gtllda: /♦ eet up pointer to highpass filter */ 

C 

adot_p “ *head_Erc * *lp-fltr++: /* initial lowpass product */ 

short i, j, nodes, datalen; 

ddo-t-p “ *heBd-src-- • *hp_fltr^: /"* initial hlghpass product */ 

REAJ,_TYFE •sre: 

for£i ■ 1; ± < filtlen; l-H-) /• perform raEaining producta «/ 

E 

levela ■ out->levets 3 

datalen » out->length; /• atact with length of Input array */ 

adot.p +■ *heBd,.arc * *lp,.fltr++; 

/♦ loop for all levels, halving the data length an each lower level •/ 

ddot-p += •bead^sre-- * •hp-fltr++i 

1 

for (i * 0, nodes = Z; i < levels; i++, nodes <<’*■ 1) 

J 

*fldBt++ = fidut-p: /• aave the completed lovpass dot product */ 

for(j ■ 0 ; j < nodes; j 2 ) 

• ddBttt « ddo-t^p; /• save the completed highpasa dot pt'odiact •/ 

{ 

J 

/• perform convolution off the physical end of the array 
with a partial dot product loop, like at the beginning */ 
for^hrklen “ filtlen - 2 . j = 2 : brklen > 0 ; brklen -*» 2 . j += 2 ] 

if (flut->dsta[i] 111 “ 0 ) contimia: 

if(i = 0) /* source for highest level is Input date •/ 

arc ■ indata: 

elae /• ... source is corresponding node of higher level */ 

arc * out“>rfstH[i-l][j » 1 ]; 

head-sre = Stc + endlen; /• point to Last element in array 

DualConvDecZisrc. out->datfl[i]1j], out-^data[i]tj+ll. 

Ip-fltr ■ htiida t j; /« up pointer to lowpass filter offset •/ 

hp-fltt = gtilda + ii /• set Up pointer to hlghpass filter offset*/ 

htiida, gtilda. datalen. f Utlen); 

} 

adot^p ■ *head_src • •Ip^fltr-H-; /* initial lowpasa product ♦/ 
ddot_p = •head-sre— * *hp-fltr<^; /* initial hlghpass product */ 

datalen 2 : /• input length for next level is half this level •/ 

3 

for£i ■ 1 ; 1 < brklen; i ++3 /• perform remaining products */ 

E 

] /• End of AWPT •/ 

/• IA¥PT - Inversa Aperiodic Wavelat Packet Tranaforffl: Data is assumed to be 

adot,.p +« *head^Brc * *lp-fltr++! 

non-periodic, so convolutions do not wrap arround fttrayst 

ddot-p += •head-Hrc— * *hp-fltr++: 

] 

Convolution data past end of data is used to generate perfect 
reconstruction of original input. 

*adst*+ ^ adot-p; /• save the completed lowpaea dot product »/ 

*ddat++ t ddot^pi Save the completed highpass dot product */ 

] 

) /* End of D'iialConvDec2 ♦/ 

Input(a): WPTfltcuet ’in - Pointer to iranaform data structure. 

REAL-TYPE •htiida - Pointer to lowpasa filter array. 

REAL„TYPE ‘gtilda - Pointer to hlghpass filter array, 
short filtlen - Length of filter arrays. 

Note: Structure pointed to by 'in' contains: 

/* DualConvIntZSum - Convolution of data array id.tb reco-nstructlon 

filtera with interpolstion by two and sum together. 

lii->levela - Number of level 1 in transform (short). 

Inputts): REAL,TYPE *asrc - Pointer to approxiiaatioii data sample array. 

inf">length - Length of nUtpilt data sample array (short). 

REAL-TYPE "dBrc - Pointer to detail date aamplo array. 

in->data - Pointer to pointer of arrays of data (HEAL,rYFE •**). 

REAL..r¥PE *h - Pointer to lowpass filter array. 

Dirtpwtta): REAL-TYPE •indata - Pointer to input data sample array. 

REAL-TYPE *g - Pointer to hlghpass filter array, 

shore sreXen - length of source data array, 

short filtlan ~ length of filter arrays. 

•/ 

void lAlJRTtWPTstuct tin, REAL-TYPE -outdata. 

REAL.TYPE *htUda. REAL .TYPE *gtilda, short filtlen) 

[ 

Output(s)3 REAL.TYPE *dst “ Pointer to output dste sample array. 

*/ 

void DualConvlntZSuraCRIAL-TYTE ♦osrc, REAL-TYPE •dare, REAL-TYPE *dfit 4 

EEAL_TYPE *h. REAL.TYPE *g. short stcleo, short flXtleil) 

[ 

short i* J. levels, nodes, datalen; 

REAL-TYPE idst: 

levels - ln->levels; 

/* start with length of lowest level input array +/ 

short i. j, endleni; 

ItEAL-TYPE dot-pe\ dot-po; 

REAL,.TYPE •haadl.asrc, *head-dstc, tlp-fltr, •hp-fltt; 

datalen = in-)length >> levela; 

/‘ loop for all levels, doubling the data length on each highor level; 

destination of all hut the highest branch of the reconstruction 

endlen - srclen + filtlen - Z; /* find total length of array */ 

is the next higher node +/ 

filtlen 23 /* adjust filter length value for interpolation •/ 

j *= filtlen - 1 ; /* start with filter 'covering' end of array */ 

for a = levela - t, nodes = 1 ^< levels: 1 0 : i--, nodes )>- 1 ) 

E 

head-flsre asrc + j 3 /♦ point to initial element at head */ 

for(j » 0 ; j < nodes; j ♦« 2 ) 

hcad-dsrc » dare + j: /* point to initial element at head »/ 

t 

lp_fltr - h + 1 ; /• set up pointer to lowpass filter */ 

hp.fltr ■ 1 + 1 ; /* set up polntet to highpass filter +/ 

/• initial lowpass and highpsBS odd product */ 

if(out->datati][jl ■■ 0) continue: 

ifti ^ 03 /• .., destination for hlghast level is input data •/ 

dst ■ outdata: 

dot„po « *head.,aBtc-- * *lp„fltr + *heai3..derc-- * +hp_fltr3 

Ip-fitt += 23 hp-fltr += 2; /* skip over even filter elements */ 
ford ■ If i ( filtlen; 1 +- Zj /• perform reHiHlning products •/ 

[ 

else /• ... destination is corteBpanding node of higher level •/ 

dst ■ irs->data[l - Ij [j >> 1]; 

CualConvInt2Sura(in-)data[i][jj. ln->dataLi]Ij+l]. dst. 

htiida. gtilda, datalen, filtlen): 

dot^po += •head-asre^ • •Ip-fltr f •hesd-dstc— * ‘hp-fltr; 

1 

Ip-fltr 2; hp-fltr +"2; /+ skip over even filter elements */ 

] 

datalen *= 2; /• input length for next level is half this level •/ 

] 

/* save the completed lowpass end highpess odd dot product ♦/ 

)/• End nf lAWPT •/ 

*[iat++ = dot-po: 

/* perform initial convolution with a simple dot product loop */ 

End Listings 


100 


Dt\ Dohh's Journal, April 1994 






FUZZY LOGIC 


listing One (Text begim on page 56. ) 

/* Opdflte to Greg Viot^B fiizay iystem — DDJ, I'ttbruary 1993. page 9A */ 
/♦ ay J. Tuckej:. P. Frflley, and L. SwansQU. Ajiril 1993 •/ 

Hnclude <Btdia.h> 


/» NEW */ 

/• NEW */ 

/* NEW •/ 

/• anchor input b HEW */ 
/* anchor outpoit KEM +/ 


Idimlude tetrinji.h> 

# defina niBKU.b] Cu<b T b : a] 

• define win(B.h) ta>li t h : e) 

Etruet io^typ« *SveteB^Ii3inrCB; 
struct io_tsT>e s&yBteR.OntpntE 

Idefine KAXHAHE 10 
•define UPPKR-LrHIT 255 
struct io_typaC 

char name[MAXHAME]: 

Int value: 

struct mf-type *iBeiiberBhip_fujicticina; 
atruce le.typc tneitj 
1 ; 

struct ^lf.ty|^eC 

char name (HAXJIAHEJ: 

Int value: 

int point]; 

int point!■ 

float slop«l; 

float sloped^ 

struct Bf.type «niicr: 

}l 

struct rule,typet 

Struct rule-elenent-type “if.side; 
struct rule.eleBent^type •then.sidej 
struct TUle.type “ues-t: 

3r 

struct rule_elenent_type[ 
int •value: 

struct rule.eleiMnt.type *n«xt: 

]: 

struct rule.type *RuLe.BflBe; 


main Urge, srgv} 
int arge: 
chsr •argv[j; 

E int input!, input!: 
ifUrgcl-i) 

i printf(’‘Error - Wust supply 2 numeric inputs.Xti*'); 
prlntfE" Inputs Ecsled to range fl^ZSS.Nn*); 

prlntf ("tlaage: Sla angle veloeityXn'’, stgv [01) ; 


/• 

NEW 

*/ 

/• 

NEW 

ft 

/* 

MW 

*/ 

/• 

NEW 


/• 

NEW 

•/ 


exit (0): 

T 

input t«atoi(argv flJ): 
input2=stol Urgy [2]) : 
initial±se_6yatM{i; 
get.iyBtent-input ■ (input 1, input 2) ; 
fuislficationO [ 
rule.evaluatIon0: 
defusslflcatienE): 
put.systeiLcaitputB 0 ; 

). .. 

fuzzificatiemr} 


/• HEW •/ 
/* MEW */ 
/• HEW •/ 


/* MEW •/ 

/* HEW */ 

/* HEW 
f* HEW •/ 

/* Read input files, NEW */ 
f* Get 4 put ergv */ 


/* print all data, 

/* EM ma •/ 


struct lo.type •§!: 
struct Bf.type * 111 : 

for (si-Sy stem. Input a: si f=H13U,: si-sl->ne*t) 

for (Bf-al- ?M3Bher ship ^functions jsrf l■N'[ILL EBf*mf->neit3 
compute.degree.of jnemberehip^mf.Bi->VBlue3; 

/* END FDZ2IFICATICW */ 


/* if ptr •/ 

/• then ptr */ 

/* MEW, test aoBfi rules */ 


/• HEW •/ 
/* MEW 
/• MEW •/ 


rula.evaluation{J 
C struct oile.type trule: 

struct rule.olenient.type •ip; 
struct nile^elisiieiit^type *tpi 
int strength: _ 

Int nOWltClH9: 

forfnilBsRule.Ease; rule ("H0LL: rul rule''> next) 

{ etteii£th=-UPPEIl.UMIT: 

f 0 r {lp"rula-> If .a ido: Ip I "KlILL: ip"ip->next) 

Btrength=Bin(strength,•(ip->value)3; 
f 0 c {tp'rul*’^! then,sida; tp 1 «NDLL: tp-tp- > next) 

[ value] =* 16 *(strength, • (tp-Svalun)) j 

If(Btrength>0]nonateh"!; 

) 

) 

lf(noMtch=0iprintf(^Ha MAtCHTMG RULES PDUHdtVa") J MEW •/ 

3 /• EHD RULE EVALUATION */ 

dBfuxilflcatlQnf] 

( struct io.type * 50 : 
struct mf.type *TBf: 
int sitti.of.productat 
int sunuof.acoas; 
int area, centroid; 

for Cso>Sy stcB.. Output: so 1 ■NUUi; so>eo- > nex t) 

I suin_of_productB=^; 
auai_Qf^aroaa=0; 

for (mf=BO ->me(iiljer«hlp.func tiona; af [ =N0LL: inf=mf - >next) 

£ srea“eoiiipute_Hrea.of_ttapn2oid(nf3 e 

cent roldPTnf-> point 1+ (af - ^poi nt Z-af - >polnt 13 / 2; 
auM^ of^produc ts+*area*centrold j 
SUB.of.areas*sarea; 

) 

if (sun.o f.araaanS) 

£ printf {‘'Stob of Areae - 0, will cause fiiv ertocW] 
printfi"Sua of Products* %d\n"»aunL_cf_products] ; 
ee->veiue=0: 
return! 

] 

ao''>value*EUB.of .ptoducts/simuDf , aresa; 


/» NEW V 
/* HEW «/ 
/* HEW */ 
h HEW •/ 
/* ]ffiW *! 


i 


/* END DSFUEZIEICATION «/ 

compute-degree .of.meiibe r ship (nf, input] 
struct mf.type •mf: 
int input; 

t int delta.!, delta.!; 

delta. L'input - Bf''>poiiitl: 
delta^2*af->pqint2 ^ input: 
if ((d6lta.!<^3 E E £dfllta-2<'303 )Bf-WaliJE=0; 


else 

[ af- > value-min ((af-5 slope 1 'delta. 1), (af- >al ope2 • deltsLl) ) : 
mf-> value=^in(mf->value,UPPiR^LXMtT]; 

J 

] f* END DEGREE OF HEMBEESUIP •/ 

compute.area.af_trapezoid [af] 
struct mf.type tnf; 

£ float run.1,run.2,area.top; 
float base; 

ba&e=af->pQlnt2 - mf->point1; 
run.value f mf->Elopel: 
run.2=^->value / slope!: 
topobase - run.! - cun.!; 
atea=mf->VBlUeV(baae+tap)/2: 
return(area); 


1 /• END area of TRAPI20ID •/ 

iQltlalixe_ayeteiiiC) /• MEW FmCTIDM INITIALIZE +/ 

£ int a. b, Ct d, x; 

char buff II 0 I, buffi (41 ,biiff2 (41; 

static char Hlenemelil-^iBl’*;, /• ’^angles*' fileiiMie */ 
static char filename!£]■"in!": /• ”velocities" filename */ 

static char fllenaBie3(i="onjtl": /♦ “fercea" filename •/ 

FILE tfpt 

struct io-type *outpt[; 

atruei af.typn •top.ttfi 

struct af-type *nifptr: 

struct lo.type vioptr: 

struct rule.type *ruleptr; 

struct rule.eleaeot-type *ifptc- 

struct rula.alaaEnt-type *tb«iptr; 

ioptr^NULL: 

culeptr-HOLL; 

Ifptt^NULL: 

thBiiptr»HI3LL; 


HEAD THE FIRM FUZZY (AMTECEDEHT) ; IMITIALIZE SlRHCTORES ♦/ 
lf( tfp-fopen(filartaael*"r‘'j)^NUU3 f* open "angles" file •/ 

£ pclntf("ERROR- Unable to open data file named ^,^'’,filenaB«l3; 
ttlt(0): 

) 

ioptr^(Bttttet io_type *)calloc(l,fllseof(flttuct io.typo]); 
Systea,Inpata“ioptr: /• Anchor to top of inputs */ 

x=fBcanf ffp.'*ao".buff]; /* from lot line, get set’s name */ 

sprlntf(loptr->f3aBfl,"ta'',buff): /• into struct lo.type.name •/ 

mfbtt^HULL; 

while((x-fseanf(fp."%B %A %& %t^buff .is,ib,Lc,id)) |-EOF)/t get line •/ 
t iffafptr^'ftULL) /• first tis« thru only */ 

( afptr»{atruct mf.typ# •)cAllDc(i,aizaof[struct mf.type)]: 
top^af^mfptt; 

lopt t- > memhe rshlp.functioRE^fptr: 

3 

else 

{ forCafptratopjif :mfptr-5nextiafptr*mfptr’->next)i /* ipin to last */ 


(continued on page 102) 


tub" Version Control 

For DOS, OS/2 and Windows^ 


• The experts loved TUB 4; 

''...amazingly fast... TUB is a great system. “ PC Tech Journal 

"TUB has features and power ia spare... TUB is easy to use and 
the fastest of the reviewed packages ." Computer Language 

"/ iviYf not program without it ." Uptime Magazine 

• TUB 5.01 adds: 

Automatic branching. Automatic version labeling across branches. 
User defined promote structures, for staged devefopment. Exclusive 
whole-level change migration for customized software* N-way-tree 
version numbers. Branch and full Jocking. OS/2 & NT support. 
And now... eufomatedconrersfon from PyCS™ or MKS RCSt 

• Plus the features they loved in TLIB 4: 

Check-irVout locking. Smnehing, for parallel development. Keywords. 
Full binary file support (does not depend upon NLs in the file like other 
products). Wildcard and lislKif-file support; can create lists by scanning 
source code for includes. Can merge {reoancile) multiple simutaneous 
changes and uncto Intermediate revisions. Network and WORM optical 
disk support. Mainframe-oompatible delta generator for Pansophic, 
ADR. IBM, Sperry formats. Integrated with Industry-leading MAKE 
from Opus'^ software. 


MS-DOS 5139, OS/2 & NT (with MS-DOS) $195 + shipping. 
5-user net: DOS $419, OS/2+NT+DOS $595. Call for other sizes. 



Burton Systems Software 


PO Box 4156, Caiy. NC 27519 (919) 233^28 
FAX: 233-0716 


See us at Software Development '94 In booth #1918 
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FUZZY LOGIC 


Listing One (Listing continued, text begins on page 56 .) 

ni£ptr'‘>neit=(;®tmct Tiif_type *Jc.allQC{J ieIzeof{struct iiif_typej); 

■f ptr*nifpt r’'>nex.t: 

sprintf {infptT'>naTne."‘)£fl" .huff): /* menbereliip name, NL, EE, etc +/ 

nrfptt->pDintl=a: /• left X siia vplu'? ♦/ 

iiifptr''>pDljit2=d: /+ rigjit k axis value 

iftb“a>Oj BfptE:->fiiopEl=UPPMR_LIMlT/lb-a); /* left slaps */ 

else 

i prlntf ( "Efr-or In input fUe tnesiberebip eleliient 
filenamelituff); 
e5Eit{U !• 

lfCd-c>0) »ifptT:->filope:Z=lfpFKH_EjlKn'/{d-c); /+ right elope *7 

filfie 

t prljttft^Error in input file TBemberehip element *SK\n'^. 
filename 1 jhiifiT) : 
eslt(l); 

1 

} 

claiee(fp) ; /* doee "angles'^ fila ^7 

/* READ THE SECOND EHEZT SET f ANTECEDENT] ; INITIALIZB STRDCT0EE5 */ 
ift(fp-fnpeii(filEnsn!e2,'"r"S]=KLrMr) /• Open •‘velocity'* file •/ 

C printf f'^ERROR" Nnahle to open data file named ^.\n'',filenaiDe2); 
exlt{SJ); 

> 

ityptr->ne2rt=;(5truet io_type *)cellOGU.eieeoftetroot la_type)): 
iop t c“loptE’->n]ft!ct j 

x=fecenf(fp,buff) ; /* from let line, get set’s name 

aprintf (loptc->nkme,"5£fi"ibu£f) 3 /* into struct lo,.Lype,iifliiie */ 

■fptr^^NULTj; 

vhileUJL=fflt:aEifCfp."Ks ^ Itd-^huff } !=EOFl/# get line */ 

C iftmfptr^NULL] /* first time thru only */ 

[ iiifptr='=(atinict mf.type ♦JcallncCl^sizeof {struct »f-type)) s 
top_inf«fli£ptr: 

ioptr"StieMiberBhip_funetlDna^iifptr f 

3 

else 

{ forfHfptrwtop.jnf :iifptC'?njext:mfptr»!iLfptr-?next): /+ spin to last */ 
I9fptt->neirt=(struct mf_type •IcellocEl.siieoftstruct rof-typel); 

■fp t c“mfptr-jnaxt: 

] 

spcintf {mfptr-JnauLe. *'^'',buf£) 3 /• meifibetfihip nelne. NL, ZE, etc */ 

mfptr-^pointl-a; /• left x aiia value •/ 

mfptr->point2=d3 /* eight k axis value */ 

if{Tj-fii’0) Hfprr->alopei=l]TFERJjiKrT/{b’-a3; /* left slope */ 

else 

( prlntf.E"Error in input file %b, ■embership eLeiuEnt ^B.Vn™, 
filenemel^huff); 
exitfl); 

} 

if{(l-c?0) iflfptr->fllope2-UPPER„LlHlT7{(!-c3i /■* right slope */ 
else 

C printf{"Effor in input file *6, oembcrsliip elimiient 
filensse^.bijff}; 
exit (I)' 

} 

J 

cloee{fp): close "velocity" file */ 

/• READ THE THIRD flEZY SET (C0NSE<3EJEWCE) : IKITIALIZE STRUCTURES */ 
if((f|r=fapenifileim[iie3, "r") 3—MULL) g-pen "force" file */ 

( printf("EREUR- Unable to open data file named %£.\n",£il€i'nase3)3 
exit(0)I 

1 

ioptr“{fiCCUet iQ_type t}callDc(l,aizeof{struct iO-.t¥pe))3 
Syste«_Output=i.optr; /* Anchor output atructure +/ 

X=fecailf {fp* ,buff): /* frelE 1st lluet get get'S naniE */ 

sptintf {ioptr’lname,,buff); /• into atruct lo-type.nanie */ 

mfptr^ULLi 

whilaf{x=fEcanf(fp,’'HiB %d %d iSd 9Ed".btiff,ia.AbrfiCH&d)31"B0F)/* get line */ 
{ if (rafptr^H^LUtL) /• first tijne thru */ 

f nfptc*Cfiti^l; mf-type *]ealloe{l .aizeof (atcuct mistype]] t 
ti5p_iiif=«f(^tE 3 

loptc’ >aeiiiborship,functiona"mfptr; 
else 

[ for £Bfptr=top_mf infptt-J'next ;mfptr=^fptr-inext): 

■fptc->next ={struct mf_type *)cnlloc(1.aizeof (atttict tn£_type]); 

■f ptr=mifptr->next: 

aprintf tnfptE'>namja,"%£’'.buff) 3 /* nembersMp name, NL. ZE, etc */ 

«fptr“>poidtl=a: /• left * axis value */ 

■fptr->point2=d: /* right x axis value */ 

lf(b-a>0) mfptr->6lapel=UPPER_LIMIT/|b-a]; /* left elope */ 

else 

£ printf("Error in input file te, membership element 
filenasel.buff): 
exitd): 

} 

lf£-d-c>0) mfptr">Blope2=TIPPER_LIMlT7{il''c] 3 /• right slope */ 

else 

I prlntf("Error in input file %3, ■emberahlp element Sa.Vn". 
flleuaiael, huff): 
rxit(i): 

) 

3 

cloaetfp); A close "force" file *7 

/* READ RULES FILE? INITIALIZE mUCTUEES */ 
ioptr^NULL; 

0Ucptr=NULLt 

if({fp"fopent"rules"T"r")J“®:NDLL3 /' opan rules file */ 

( prititf ("ERROR- Unable to open data file named isaAn", "rules"): 
axit{D)3 

1 

ruieptr“{struct rule_type *3calloe(l,sixeof(struct rule^type)); 
ifCioptr=^LI.3Rule_SaHe=ruleptr3 /• first time thru, anchor */ 
whila(£x-fflcanf{fp,"%B %s %s".huff.huffl,buff2))I^EOF] /* get a line */ 
t loptr-SyStem-Input b; /• points to angle */ 

for £flifptr"ioptr-3meiiibErEhip_fUncllonH 3iiifptt I =MULL:iiifptr=iiifptr->qeic) 


( i£( (etremp (in£ptr->iiHinE .buf f J ] “0) 

( ifptr^Cstnicl: rule_eleHiEnt_type *3 

callnel 1 .aizeo£(stcUCt rule_eleiaient_type)); ■ 
ruieptr'->if_side=ifptr; /* points to angle */ 

ifpt r->value=Ain£ptT-> value: /♦ needa address here "/ 

ifptE'^naxt=£struct rule^elament-type *] 

callocd,Bizeof tstruct rule-element-type]) j 
ifptr'ifptr->neEt; 

breahf /* Jiiatch found 

3 

3 

l3ptE»ioptr’’>neKt3 /* points to^ yelocity */ 

for (Hfptr=iqptr->nieiBherShip_fuTliCtions 3 'Bi£ptr!=HULL 3 Hfptr^fptr->neK.t) 

( if{(fitrcmpCinfptr->iiame:.buffi) )“»0] 

£ ifptr->vBlue=&mfptc->value: /* needs addreee here */ 

break; /* match found */ 

1 

3 

if [oUtptT:=MllLL)outptr=5yBteB_0utpUtj/* poinit then stuff to output */ 
for Cmfptr=outptr">iMaiiber6hip-functlorB ;mfptr I =HULL:mfptr=Tifptr-^next3 
C if {{Btrcmp{ifffptr->nB»e,buff2))^=0) 

C thenptr^>( atruct rule .element .type *) 

callocd.eizeof (atruct rule-eleBjent-type)]; 

(Eulept t- j-then. si de=theQpt t: 

thenptr-?value^Sm[fptr->value 3 /• needs address here */ 
break; /• match found */ 

1 

) 

rulBptE->i]ext= (atruct rule.type *)calloc(l,.siecof(struct rule_typej); 
rulEpti:^rUleptr->tiH3ct s 

3 /* END WHILE READING RULES FILE */ 

cloae(ip): /• dote "rules" f lie 

3 /=* END INITIALIZE 

put-syflTfira-OutputsO /* NEW +/ 

[ struct io_type ♦loptrj 
struct mf-type *Bfptr; 
struct rule_type truleptrs; 
atruct rule-element-type *ifptr: 
struct TUle_eleiteirt-type tthenptr; 
ini: cnt»l: 

for (ioptr-System-Inputs: ioptrl =HlfLL :ioptir=ioptr->ne)rt) 

( printf Valuer $&d^Ei",ioptt-!>name.ioptr->value) 3 

for fBfptc=ioptr->menber ship-functions jrsfptc (=NULL:«fptr=nffptr->next) 

{ prlntf (" *ai Value %A Left %A Right -fetSn’'. 

raf pt r- >nflme. mfpt r- >value. mfpt r->point 1. rafpt r- )■ point Z J: 

1 

printf("Vn"): 

) 

foe {lciptr=System-Output; ioptr E =NUn,; lept r^ioptr- >neKt 3 
£ printft"^; Valije= *d\n", ioptr->name. ioptr-> value): 

foe {flifptr"ioptc-?membarahip_fuiictiDiifl ;mfptr I *HULL;iiifpCr=infptr">next] 

{ printfC Value %d Left %i Right 

mfptr-Jname, infpt c-> value.afptr->pDinti.afpt r-> paintZ); 

1 

3 

7* print values pointed to by rule_type (if then) */ 
prlntf{"\n"3; 

for (fuleptr^Rule-Base; ruleptC''>THun: 1 =NlILL;ruleptr^nileptr->nEL]tt) 

[ prlntf ("Rule K?£d:",ccit++} ; 

fQ r(ifptr^ruleptr->if,aIds;ifp t r1*NUIX 3 ifptr»l£ptr^ >next3 
prlntf (" ^£d",*{lfptr->value3) E 

for (thenptr “rulep tc-ythen . a ids 3 theEiptr ] ■NULL 3 thenptr^thenptr'inext 3 
printf (" %d\n", *Cthenptc->valM)3; 

3 

prlntf("\n"3; 

3 /* END PUT SYSTEM OUTPUTS «/ 

get-system-inputs(input!.input 2 ) /• NEW */ 

int input1, input2 3 
£ struct io-type <Ioptr; 
loptr^SysteBi-Inputs; 
ioptr’'>vBlue=^ input 1: 
ioptP'^l opt r'->next I 
ioptr-^vaLufl=iiLput2; 

3 END GET SYSTEM INPUTS 


End Listing 
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DIO 


listing On« (Text begins on page 64 J 


// PPDIO Parallel Port Digital 10 routiiiea 

// VeTiion l.fi Copyright 1993 by Brian Hook. All Eights Eeservied^ 
// Pila: PPDIO.H — header file for the PPDIO liBrary 
// Compile vith Borland C++ 3*1 — porting, to another compiler 
// ahould he eitrenely trivial. 

lifndaf ..PPDI0_fl 
ff define __ePDI0_fI 

y/--- Pin definitions for control register --—-- 

f define PIN^l 02101 

I define PIH_14 
define PIK_i& 02(04 

Idefine PIN_17 0x03 

Pin definitions for atatuE regleter-— 

(t define PIN_15 02 t 08 

#deflna PItl,13 0x10 

Mefine PIN. 12 0x20 

#dafine FIH_10 0x40 

Idefine PIN_11 0x80 

//—- Interrupt enable bit definition —-------- 

#deflne Pra,£NABI*E_INT,BIT 0x10 

//-— Punction prntotypaa------—-- 

unsigned FPD10_GetLptAddress{ int lpt_port ); 

veld PPDID_IiiBtallISE( void interrupt (*fnc) Q . Int lEtj } s 

unsigned char FFDlO_ReadCdntrolltav{ void ); 

unsigned char PFDIO^ReadStetusRawi! void ); 

unsigned char FFDlO-iteBdControlCooked( void 

unsigned chat PFDIOJteadStatusRavf veld }: 

void PPDIO-ReniovelSRt void }; 

void FPDI0_8endlyte{ unsigned ehar data }; 

void FPClO-BetBaseAddressC unsigned ba8e_addreis >; 

void PPDIO.SetLptPortC int Ipt.trtjrt >j 

letidif 

Usringiwo 


// PPDIG ParBlUl Pott Digital 10 toutines 

// Version 1.0 Copyright 1993 by Brian Book. All Rights Reserved. 
// Files PPDIO.C - code and veriablei for the PPDIO library 
// Coapila with Borland C++ 3.1 — porting to another compiler 
// should be extremely trivial. 


Hinclude <doB.h> 

Hintlude "ppdio.h" 

static unsigned ppdin.data..register; 
static unsigned ppdio-control-reglster; 

Static unsigned ppdin.status.reBiatet: 
etatlc unsigned ppdlo-interrupt.no; 

Btatic unsigned ppdio_ir(i: 

static Unsigned chsr ppdio_old_conttol_value; 
static unsigned char ppdia_old,0219.cask; 
static void interrupt (•ppdio_old_intvec}C): 

unsigned PPDIO-GetLptAddressC int IptJio ) 

C 

unsized far *pp ^ ( unsigned far * } IOLFfC 0x 40* d }; 

//— Asamies values of 1. 2. or 3 --- 

return ( ppIIpt_no’l] 3j 

I 

void FFDlO-Inst sill SR ( void interrupt C+fiic) 0, int itq^o ) 

{ 

static char maskH ^ C 0xfa, 0xf7. 0xef< 0xdfi 0xaf. 0x7f 
unsigned char temp: 

//— Xfttemipt number = IRQ no + B --—--——“■ 

ppdio_lnterrupt.no ■ irq_no + fl; 

//--- Save original interrupt vector -—-- 

ppdio_old_intvec « getvectt ppdio_intercttpt_nu )j 

//— Install new TSR------ 

setvectC ppdia.internipt.no, fnc ): 

//— Enable Intetrupts by setting the PTll.EHABhB_lWT.BIT la 
//’— the control register. Also, OR It by 0x04 to send pin 
//-“ 16 high then write out a 0 to pins 1. 14, and 17 so 

//-that ve can use the control register for input, 

ppdio-old-control-value = inportb ( ppdio_coiitrol_regieter ); 
temp ■ ppdia.old.cantrol.value } PTRlBlAffI,R_Ilfr_BIT j PIN. 16; 
temp 6- - { PIW_17 I PIH_t4 1 PIB_1 ); 

Dutportby ppdio„CQrLtrol_reglBtar, temp ); 

//-Unmaak our IRQ in the Interrupt controller —-- 

ppdio_old_3259_maek = inportb( 0x21 ); 

temp ■ ppdio.old.a25 9 _Bask & sssk|ppdio_lntemtpt_nD-10]; 

Dutportb( 0x21, temp ): 

— Clear pending interrupts -- 

outportbi 0x20, 0x20 )t 


unsigned cher PFDIO_ReadControlCooked{ void } 

( 

unsigned char caw.control; 
unsigned chsr cooked.coritrol = 0; 

raw.control ■ FPDIO_R#adC&ntrolHatf □ ; 

//— Return a control register mask that compeiiBatea for the invecse logic 

//-of pins 1, 14, end 17, end with 0s where bite are reserved or mmsed. 

if t M raw.control & FIW.l ) ) 


cooked.cOiitrol f- PIM_ij 
if { M raw.controi 4 PIH_14 3 3 
cooked.ccoitrol 1= PlK_i4: 
if [ raw.control 4 PIN.16 > 
cooked^control 1= PlK_i6: 
if ( I( raw.control 4 PIK_17 ) ) 
cooked-control |= P1W_17; 
return ( cooked.control }; 

1 

unsigned char FFDID_ReadGontrolRaH{ void 3 
I 

return ( inportb( ppdlo.control.regiater 3 
3 

unsigned char FPDIQ_ReadBtatusGooked( void ) 

{ 

unsigned char rau.status; 
unsized char cooked.status - 0; 

row.statuj - PPDIO-ReadStstusRawO i 

/y—- Return a status register mask that compensates for the 
yy— inverse logic of pin Li, and with 0s for any reserved or umised bits, 
if ( raw-stscus 4 F1H_15 ) 
cooked-statue [■ PIK_15: 
if ( raw-status 4 P3H_13 ) 
cooked.statuE !■ PIH_13: 
if ( rav-status 4 PIN_12 } 
cooked-statue I" PIN-12; 
if M{ raw-status 4 PlN_li 3 ) 
coohed.status PIH-11; 
return E cooked.status ); 

} 

unsigned char PFDIO-ReadStetusRawE void 3 

( 

return ( inportbC ppdio_atatus_regiater 3 }; 

3 

void PFDlO_RjemavelSR( void 3 

E 

yy- Restore the Interrupt controller's previous state - 

OurporthE 0x21, ppdio.old.B259.mask ); 

//— Restore the origiiial interrupt vector-- 

satvectE ppdio-interrupt-nop ppdio.oltLintvac 3; 

yy— Restore the printer control register --—- 

outportht ppdio-coutfol-regipter, ppdio-old-cotFtrol.value 3; 

} 

void PPDIO.SendByteC unsigufid chat data ) 

I 

outportbE ppdio-data.register, data 3* 

) 

void PPDIO.SetBeseAddresst unsigned hese.eddregs ) 

C 

ppdio-dets-register ^ bese_eddresi; 
ppdiO'.acatus.reglster « base.addresa + 1; 
ppdio.control.regiater = hase.eddresB + 2; 

} 

void PFDlO.SetLptPoctE int Ipt.port 3 

t 

PFDlO-SetBaseAddressE FFDIO.GetLptAddressC Ipt.port 3 3; 


listing Three 

y/ PPDIO Parallel Port Digit b 1 10 routines 

yy Version 1.0 Copyri^t 1993 by Brian Hook. All Rii^ts Reserved, 
yy File: DIO,C ^ this ia en example how you Could use the PPDIO 
yy routines. This could he used as a framework upon which you 
yy could build real applications* 

yy compile with Borland C++ 3.1 -- porting to another compiler 
yy should be sxtremaly trivial, 

include <coniD,h> 
i Include "ppdio.h'* 

volatile int isr.called ^ 0; 
void huge interrupt I^ISR{ void 3 

iiT.called » 1; 

//— Homally you would read the input plna here and do something important 

yy-— Signal end of interrupt to the intotrupt controller - 

outporthE 0x20, 0x20 3; 

3 

void sain{ void ) 

[ 

yy-“ Dse LPTl-------—-- 

PPDlO.SetLptPorti 1 3; 

yy-— Install our ISR on IRQ 5 —----- 

PPDIO-InStollISRE KylSR, 5 3; 

yy — Rm until either a key ia pressed or interrupt Is genetatsd on IRQ 5 
while E 3khhlt(3 44 jiGr.called 3 E 
} 

FFDia.RemovelSRE3: 

1 

End Listin <|5 
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APRIL 19-21, 1994 ♦ HYNES CONVENTION CENTER ♦ BOSTON, MA 


THE EMBEDDED SYSTEMS 

CONFERENCE 
IS COMING TO BOSTON 


DESTINATION: BOSTON 

The world*s largest conference and exhibition dedicated to 
microprocessor- and microcontroller-based development 
returns East this spring for a command performance. Even if you 
attended our East Coast debut in Atlanta last year^ Boston is 
where you should be April 19-21, 1994— for the second 
annua I EMBEDDED SYSTEMS 
CONFERENCE EAST. 

WE SPEAK ALL THE 
LANGUAGES 

The EMBEDDED SYSTEMS CON¬ 
FERENCE EAST will help you hone 
the technical and project management 
skills required for the entire embedded 
process, if you want to improve design, 
write more efficient code, devise more 
effective project management strategies, 
and see the future of embedded develop¬ 
ment more clearly, we’ve got what 
you need, 

TIPS, TRICKS, 

and METHODOLOGIES 

Mix and match dozens of hands-on programming and 
methodology workshops, lectures, and tutorials on topics 
like these: 

♦ Design methodology ♦ Debugging ♦ Languages ♦ Networks 

♦ Chip programming ♦ Hardware interfacing ♦ Digital signal 
processing ♦ Project management ♦ Fuzzy logic 


MAIL OR FAX TO: 

EMBEDDED SYSTEMS CONFERENCE EAST * 

Miller Freeman, Inc. 

Attn: Julie Ann Lee 
600 Harrison Street 
San Francisco, CA 94107 USA 


FAX (415) 905-2220 OR CALL (415) 905-2354 



EXPERTS' INSIGHTS FIRSTHAND 

Get direct access to dozens of today’s top experts in embedded 
development, including: 


♦ Paul Ward and Stephen Mellor, creators of 
the Ward-Mellor methodologies that brought 
CASE to real-time embedded systems 
♦ Larry Constantine, co-author of the defini¬ 
tive text, Structured Design 
♦ Plus many more 


TARGETED PRODUCTS 
AND SERVICES 


See the largest dedicated exhibition of 
embedded development tools and utili¬ 
ties, talk to representatives from more 
than 100 leading companies, and try the 
latest in: 

♦ compilers/cross compilers ♦ in-cir¬ 
cuit emulators ♦ logic analyzers 
♦ single board computers ♦ microproces¬ 
sors/ microcontrollers ♦ debugging tools # reaLtime operat¬ 
ing systems ♦ cross assemblers ♦ simulators ♦ and more . . . 

j---------^ 

SEND ME THE DETAILS FAST ON THE 
EMBEDDED SYSTEMS CONFERENCE EAST 

April 19-21, 1994, Hynes Convention Center, Boston, MA 
Tm interested in: 

□ Attending □Exhibiting 

Name 


Title 


Company 


Address 


City 


State 


Zip 


Phone 


Fax 


EDI 4 
















you want more support 
in your day-to-day use of 05/2? 

Is your company struggling to 
integrate OS/2 into its enterprise 
computing strategy? Do you want 
to take OS/2 to a higher level? 

□ S/2 World 
Will Point You In The 
Right Direction 

The independent technical program, 
featuring over 100 lectures, workshops and 
tutorials, will present you with the oh(ective 
truth — both good and bad — about OS/2, 
IBM, and third-party providers. You can 
count on the information because our top- 
notch faculty won*t have a hidden agenda. 
More importantly, the technical program 
is geared to you, the OS/2 customer, not 
the industry^ 

The technical program is broken out into 8 
dynamic tracks: 

• Enterprise-Wide Networking 

• Client/Server and Information 
Management 

• Local Area Networking 

• Power Computing 

• Systems Administration 

• Corporate Software Development 

• Personal Programming 

• Multimedia 

AN aBJECTIVE AND 

Balanced Faculty 

Classes will be taught almost exclusively 
by independent expert users, consultants, 
and trainers offering objective and balanced 
information to users and managers charged 
with deploying and maintaining OS/2 sys¬ 
tems in corporate environments. Instnicrors 
will be experts who work with OS/2 in the 
field, and have implemented OS/2 solutions 
for their companies or clients. 

Industry-Wide 

SPaNBDRSHIP 

Guarantees a Top 
Quality Event 

Produced by Miller Freeman, Inc., 
the third largest trade show producer 
in North America, the OS/2 World 
Conference &£ Exhibition is presented in 
cooperation with the IBM Corporation 
and sponsored by OS/2 Magazine, 

OS/2 Developer, DBMS, Database 
Programmmg and Design, LAN Magazine, 
STACKS: The Network Journal, Software 
Development and Dr. Dobb's JaumaL 




July 19-22,1994 


Santa Clara 
Convention Center 
Santa Clara, California 


CHOOSING THE 
RIGHT NEW PRODUCTS 
Can Be (^uite A 
BALANCING ACT 

The OS/2 World Products Exhibition is 
the only place you can get a hands-on look 
at the hardware and software that can make 
your system scream. You can pose your 
toughest questions as you meet face-to-face 
with the major players in the industry. This 
world-class exhibition will feature leading 
suppliers showcasing applications software, 
communications hardware and software, 
databases, network solutions, utilities, multi¬ 
media tools, and more. The exhibition will 
run Tuesday, Wednesday and Thursday so 
you will have plenty of time to get the 
answers you need. 

See the Future cif 
□ S/2 Today 

Running parallel to the technical program 
will be dozens of presentations by key 
visionaries at IBM and major hardware and 
software providers. Topics include: OS/2 
and Workplace OS, What It All Means To 
You • Customizing the Workplace Shell 
with REXX • Exploiting OS/2 Software 
Motion Video • Introduction To The OSE 
Distributed Computing Environment • 

And More. 

Don't miss this opportunity to learn what 
applications and opportunities 
await OS/2 users of the 
future, and how you 
can stay on the cut¬ 
ting edge. 

Phone, FAX or 
mail today for 
more information 
on the OS/2 
World Conference 
& Exhibition. 



YES! Please send me info on: | Attending 

1 Exhibiting 







NAME 




rm-c PHONE 




COMPANY FAX 




ADDRESS 




CITY STAIT/PROV. 

ZIP CODE 


1_ 

OS/1 World Cotiferetice & Exhibition Attn: Julie Attn Lee 

600 Harrison Street, 4th Floor, San Francisco, CA 94107-9603 
Phone: (415) 905-2354 Fax: (415)905-2220 
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PROGRAMMER' 

S WORKBENCH 

Listing One (Text begins on page 92 J 

1 

y /FileI GRPEiPHM.H 

void CGraphD rawingPheno::Dec ode ( PTGeuPtype pGend ) 

[ 

flfndef _GRTHFEISJ-F 

IdefiBe 

//Header for EQS cloas tepreacDitiiig a phenotype ^ 

WORD nunModes > (WORD) B.Driver.DetthimHodes() ; 
int rowAlleleLen = ]n.Driver,Calc 3 RowAlleleLangth(} : 
int colAlleleLen = au.Drivec,QalcGaIAlleleLeiigth() 3 
int offset = 0 ; 

//You need EOS vl.l to conpile thlB code 

for (WORD node“0inode<auiiiNodes:n[jde++) C 

tifndef .„PHEHO_H 

char rowAlIeielld], colAllele[l£] : 

^include ''phenoth" 

//we know that these ere no bigger than sizeaf(VORD} 

# endIf //._PHENQ_H 

for [ int bit-0:bit < towAlleleLen:bit++) 


cowAllele[bit] = 

■dleas CGcaphBrAwitigPheiio ; TFbenptype 

pGeno->GetEipr easedGaneValua(offeet++. 0) : 

{ 

for[bit“0:bitCcolAlleleLen:bit++) 

public! 

colAliele[bit] - 

CCraphllraw±nfiPheno{CGAGrflphDriver Sdxlver.liit width< Int hei^t) i 

pGeno^>QetRtprea$edDeneValue ( offsettt. 0 ) ; 

■’CGrAphBrawiugPhend £) j 

int codedRow - AllelesToInt(rowAllele,0. rowAlleleLen'-1) ; 

douhle CalcEltneaBO : 

int codedCol ■ Alleleerolnt(eQlAllele,0. colAlleleLen-1) 3 

void Daecde tPTGeiLCitype geno) \ 

Int actualRow. actualGol ; 

PTPhenotype CopyO : 

GetH^sre stBmptyCell ( codedRow.codedCo 1 .actuelRow,actual Col ] ; 

void CJetPheficInfoivtiid tpInfoS-tructl' f 

*ffl.pGrid->SetAt(actualRow, flctualCol, node)’ ; 

void GetHearest^ptyCellCcooBt Int rov, conat Int col« Int bsctuaIEcw 4 

u.Gridindex[0][node] - actualRov 3 

int ^aetualOol) ; 

D.GFidIndex[l][node] « sctualCol 3 

BOOL Adjacent {WORD nodal, WORD i3ode2]i : 

BOOL Diegon*l{WORO nedel, WOEU node2) r 

] 

J 

BOOL FiirdNodaCconst VORD node, int firow, int tcdl) ; 

PTPhenatype CGraphDrawaiigPheno:: Copy () 

dauhle Distance(WOKH' nodei^ HOHH node!) ; 

1 

double RectDietancefWORD nodal, MORB- noda2} ; 

CGtaphDrawingPheno * pPhenp = 

private: 

new CGraphDrawingFheno(]iL.DElve£,B.Height.m.Hldth) : 

Int nuWidth i 

return pPheno i 

int m-iJeight ; 

//don't copy values because these are detlved by the genotype via Decode 

CWordMatrli *iiL_p<ifid 3 //grid vhete each entry is a node 

} 

// number or EMPTY. CELL 

void OGrapliDrawlngPhenoi 3GetPhenoInfo(void *pInfc!Struct) 

CGAGraphDrlver Gdn^Drlvac 3 //interface tP the grapb driver class 

Int * m-isridlndstEzi 3 //index into grid to quickly locate nodes 

[ 

*[(CWocdMatcix f*)plnfoStruct) - ■ pGrid : 

1 

//Algorithm resolves collisions by searching around the neighborhood of 

Listing Two 

// (row,col) in the grid for an empty call. The row and col of the empty cell 
// is returned in ectualRow and actualGol. 

//File: CRFHFHEH.CPP 

void GGraphDrawingPheno: :GatHearestEiQiptyCe 11 {const int row, const int col. 

int 4aetualftow, int SactualCo'l) 

It include “stdafi,b“ 

( 

//eos headers 

//inaure ve are in ranged 

It include "eos.h" 

actualRov ■ row % m^eigbt t 

Sinclude "aosutil.h'' 

actualCol = col % ilW idth ; 

1 include '^geno.h" 

//if we find and empty cell then no search necessary 
if [■.pGcld->GetAt(actuaJRow.actUBlCol) == EMPTT.CELL) 

//graph &A headers 

Eoturn 3 

fInclude "grphphen.h" 

else [ //search for "nearest'' empty cell 

^include '^wraatriK.h** 

int BajtDisi»MaaL(Hi.Hei|ht.m.Width) ; 

#include "gdriver .h " 

int actuiilRow2 = actualRow ; //save actuals 

^include "grphutil.h" 

int actualCol2 aetualCol 3 


//start at a distance of 1 and search outward 

conit HIGHESTJEWARD * 10 ; 

for (int di3t=l 3 dist<TttH3EDiBt 3 diBt++) ( 

const MEDIUM.EEWARD ^ 5 : 

//First check "Bides’' 

const SKALLEST-REWARD « 1 ; 

for(int i--dist: i<-diBt 3 i++J { 

□ onat HIGHEST. PKKALTY = t 

for(int j“-diat 3 j?*dist:j++) ( 

const HEDIUM-FENALTT » 5; 

if (iE=j {j=diet 11 j=-diBt M 

const St!ALl4EST_PEIfAm = 1; 

i=*diST 11 i“-diat)) C 


actualCol = actualCol2+j ; 

OCraphPravingPheno:iCGraphErawingPhenoCCGAGraphDriver 4driver, int width. 

actualRow “ aetualRow2+l 3 

int height) 

if (actualCol >* 0 £<& actualCol 

: in_Dr iver i driver) 

< m.Width 

[ 

actualRow is 0 actualRow 

■.Width = width ; 

< ffi.Height &A 

■.Height ■ height 3 

n.pGrid->GetAt(actualRow,actualCol) EHPTf.CELL) 

BLpGrid - new CWordMatrix[height,width.EMFT¥_CELL) ; 

return ; 

D.GridLndax[0] = new int [■.Driver^GetKumKodeaO]; 

} //if 

tLGridlndexil] = new int [ia_Driver .GetKumHodest)] 1 

1 // for j 

1 

} //for i 

CGraphDrawingPheno: :'nCGraphDravingFhano () 

//How check 4 comer oelle 

i 

actualCol = actualCQl2+diBt ; 

delete ni.pGrid ; 

actualRow = actualRowJ+diet 3 

delete [] ■.Gridindaz[0} \ 

if (actualCol < ■.Width 

delete [j ■.Gridlndextl) ; 

actualRow < m.Heigbt R4 

) 

m_ pGrid->GetAt(actualRow,actualCol) ^ 

double C^GraphDrawingFheno: ^CalcFltnassC) 

EHm.CELL) 

C 

return ; ' 

WGRD nuiNodes ■ (WORD) B„Drivar. GatNunNodas [) 3 

actualCol = actualCol2-di8t ; 

long inaiDiat = (m-Width nt^ight) : 

actualRow “ actualRow2+dlst j 

na3iDlst**MxDlEt: 

if (actualCol >^= 0 

//set haae fitnesB so even the worst case phenotype 

actualRow < tii.HeighT 

// win not bring fitness helnW 0 

m.pCtid->GetAt(actualRow.actualCol) = 

int connectivity = raJriver. Get Connect ivityC) ; 

EMPTY.CELL) 

double hasa.fitness =■ uumH'Ddea*{nU3iiHoda6-l) * aaxDist ; 

return ; 

//* connectivity: 

actualCol = actualCol2+dist 3 

double fitness — base.fltneaa i 

actualRow = actualRowZ-dist ; 

for (WORD node 1^:nodel<nuittModes:node 1+t5 t 

if (actualCol < m.Width 41 

int node1Connectlong=MaK{ro^Driver,GetWumConnections(nodel),1); 

actualRow >■ 0 &1 

for {WORD node2»0rnodel<nuinHodes 3 nQde2++) C 

m.pGtid-^GetAt[actualRow,actualCol) = 

if (nodel = nodeZ) 

EMPTY.CELL) 

continue 3 

return { 

BOOL bConnected = ■m_Driver,Connected{nodel .ncide2) : 

actualGol ■ actualC£il2-dist ; 

int tiodeZCoanections * 

actualRow = actualRov2-diBt : 

'Hax{TiLJ>river . GetNuBGonnections (node2). 1): 

if(actualCol >= 0 14 

double distance = Distance(nodel.node2) ; 

actualRow 0 44 

distance'*~digt3iice 3 

m.pGtld->GetAt £ actualRow,ac tualCa 1 ) = 

if (bCdnnected && diatance ^4) [ 

EMFTY.CEU) 

fitness -- distance : 

rettim 3 

//(nodelCimnectionB+node2Connections) ; 

1 //for dist 

contioue ; 

1 //else 

) 

return ; 

if [IbCdimected distance <> 4) { 

1 

fitneas -= ■^/distance ; 

//Return TRUE If nodal is adjacent to node! on the grid 

/ / { node IGonnections tnode2Gotmections ) : 

BOOh CGraphDrawingPheno; 3Adjecent(WD3^D nodal, ^^ORD node2) 

continue : 

f 

J 

int rowl. coll 3 

} 

if (1FindNode(nodel,£owl,coll)) 

) 

return FALSE 3 

ASSERT ( fitneBE >= 0); 

int row2. col2 ; 

return fitness : 

//look up 


106 


Dr. Dohb'sJournal, April 1994 








rTO2=Twi-i : 

If (rovl '>* 0 && ■u.ppGrid-:^G&tAtErfliw2.collJ “ i3ode2) 
return TREE : 

//iQOk dciutl 
row 2 =TO(wl-i-l ; 

If (reiv2 < ^.ilElgftt fc_|sGtid->GetAt{row2-eDllJ =*= tity^el) 
return TROE ; 

//lodk left 
col2«cell-t : 

if (tail >- a hk ■^pi:tld->JjetAt(rcriiKcdl2) — ftode2} 
return TRUE ; 

//look tight 
cal2>cDUtl : 

if (coll < H-Widtb m.pGrid-JGetAtftWl.colli “ uodol) 

return TRUE ; 
return FALSE ; 

] 

//Return TEUB If ttodel ie diegonel to ftodol DO the grid 
BOOL CGrAphDrswlfigPheno; :DiA£onsl(WOED nod«l, WORD nodeZ) 

int rowl. call i 
if ClFindNode(nDdel,rDwI,coll)l 
catum FALSE j 
int rowi, coll ; 

//look upper left 
row2=ro¥l-l j 
ool2»colt-l 3 

if {row2 >= 0 col2 >= 0 kk iB_p0rid->GetAt£rcw2,col2) node!} 
tettim TRUE j 
//look lower left 
tO¥2*=ra!¥l+l 3 
coll"Col1-1 3 

if {rov2 c H-Height W col2 0 BLpGrid->GetAt(roH2+coll) = oode2) 
return TRUE ; 

//look lower right 
rowZ-rowl+t i 
col2=coll+l. ; 

if frowZ < uuHeight eol2 < b_W idth kk a_pGrld->GetAt{rDvl«Col2} “ 

nodeZ) 

ratom TRITE 3 
//look upper left 
row2“rciwl-l : 
cDl2=nall+l I 

if trioif2 >“ 0 SS eol2 < ijuWidth && n_pGrid^>CetAttrawl .col2) = cmdeZl 
return TRUE ; 
return FALSE i 

} 

//Return the Eutlldefln dletence between oodefi on the grid 
double CErraphllrawliigFhenD r iDlstaitcofVORD nodel^ WORD nodeZ) 
t 

int rowl* coll, rowZ * col2 : 

if (FindNode(node rowl pcoll) FiiidNode(Tiode2praw2,col2)) { 

double dlffRou “ rowl - row2 i 
double diffCbl coll - col2 : 
return aqrttdiffRmf^dlffRow + dlffCol^dlffCol) ; 

> 

elan 

return sqrtrB-Height*TiLHeight + V-Width^e-Width) : 

1 

//Return the racti-linoar distente between nodes on the grid 
double CGtnphhrewlngPbeuq t uRectDlstancefWOliB uodel» VfOBIl nodeS) 

L 

int rowl. ooltp row2p col2 ; 

if (7indNoda(nodel.rowl,collj £4 FindWade{Dode2.c0v2,ool2>) ( 
double dlffRow = rowl - rDw2 ; 
double dlffCol ■ coll - coll j 
retiHti Abe (diffRow) t AbeCdiffCol) : 

1 

else 

return a_Halakt t Width : //tefiUy an error JIT 

] 

//Use an inde* to quickly Iocote h node on the grid 

BOOL OQrmphUrtwlng^eno: iFlndKode(const WORU node, Int brow, int bcol) 

C 

if (node >« BUJriy^er.GetNuaiNodeBO) 
return FALSE i 

row ■ ruGrldlndes ( 0 ] [node) ■; 
tol = JQ-Oridlndexil] Inode] ? 
return TRUE ; 

1 

Listing Three 

/mus cDMvn.B 

liftidof 

I define __GDRXm_IL_ 

//flag ais expt^ cell in the grid 
const EHm_CRLL ^ SitRFRF j 

clftBB OGACruphUriveT 

I 

//Interface 
publicf 

CGAGraphDcivertint numHodeB, int width, int height) : 

'^DOAGrephDrlverO t 
void SetGraphICWordHatFix Sgraph) ; 
void Optittiaeliiit numnenrotionis) : 
void DcawOptimiredfCDC Rdc) 3 
void BrSwUnOptinj^ediC&C ddc) ; 

//Quor^ joembers (const) 

//Calc the length of m chraBoaoBe 
//needad based on the graph and grid 
UIMT CalcChrocwBowoLengthO const ; 

UTWr CalcHoiMlleleLengtbC) const ; ; 

UINT CslcColAlleleLengthO const ; ; 

Int GetWldth{J const s 
int Getheight£) const ; 
int GetNuMRodesO const : 

BOOL Connected(WORD nodel, WORD node2) const; 
int GetNu»ConoectlonsCWORD node) const : 
int GetConnectivityO ; 


void StopC) i 
PTlndlvidtinl m^pBest ; 

PtTndividual Ri_pWorst : 

BOOL si.StDp 3 
//lapl mentation 
private: 

//Draw the graph in this grid 
void Drawl CQC tdc. CWardMatrit tCrid) j 
//nm nodes In the graph 
int ■.WmCraphNodes ; 

//width of grid to draw on (in. cells) 
int B^CridWidth : 

//height of grid to drew an (In coUg) 
int li-Qiridlleight ; 

//connection table repra&entatisn of e graph 
CWDrdNatrijt •m.pGraph : 

//IjA that will find the "optimal" drawing 
//of the graph on the grid 
TEeaicGA *m,p'Th€<iA : 

] ; 

listitfg Four 

//File: GDRIWHR^CFP 

//Used as an interface class to the GA, 

//Stores the representation of the graph as 
//a connection grid, 

//required headers 
lincludc "stdafunb" 

//HeaderB needed for EOS programs 
//fou need EOS vi.l to collie this code 
I include "eos.h'* 
tInclude "aosutil.b" 
iinclude "leno^b" 
llnclude "indivld.h" 

Iinclude "gaenvlio+b" 

//headers specific to graph GA 
llnclude ■wfflatrii.h" 
llnclude "gdriver.h’* 
linclude “grphutil,h“ 
llnclude "graphga.h"' 

//GA paramsters used, these need not be 

//hard coded In advoncEd impIementatiotiB 

const int POP.SIEE ■ 20 : 

conat double PX = 0,7 ; 

const double PK - 0.03 3 

cunat double RA>}£]-SEErN0.7&4£l i 

//DRAWING paraKters used, these need not be 
//hard coded in advanced iMplemeiitatlotis 
const int C£LL_WIDTR - 30 : 
const int CEl4L..HEltlHT = 30 i 
const int CSLL-SFACE == 10 : 

//Driver constructor initializes a graph with nuBNodes and a 
//grid that tbe grapb will be optimized to draw on (width x height) 
CGAGraphDrlver: :lT:GA6raphDclver (int nuaNodes, Int width, int height) 

otJluatGraphllodes > rnnHodes: 
cLCridWidth = Width : 
iii_GridHeight > hei^t t 

//graph represented aa boolean connection matriic 

n^pGraph ■ new (IVDrdKatrLe|&_RuBiGrsphNQdes.m_|<umGtaphNDdea) ; 

//The Graph GA object 

a,.pTheGA “ new CGraphDtawErGA(*thiflJ : 

ni_pB«st Ruu. ; 

M.pWorst s NULL : 

B^Stop ■ FALSE ; 

//clean up in the destructor 
OGAGraphDri ver i: '’CGAGrephUriver () 

£ 

delete Tn_pGraph ; 
delete s^pTheGA 3 

} 

//aet the coneetiqns from graph into the ueiabec nc.pGraph 
void GGAGraphDrlver::SetGraph(CWordHatcix Agraph) 

for (int row > 0 : row < B-NuBGraphHodas; row++) 

for (int col = 0 ^ col C SLWti^rBphHodesj eol++) 

B_pGraph->SatAt(row,col.g raph[rowl[col]) ? 

J 

// Optinlea the drawing of the graph hy first initializing the GA’s population 
// and environKnt, Then execute the GA for nuiGenerations generations 
void CCk!LGraphDrlver::GptiBlrE(int nuffiGeneratlons) 

[ 

m_pTheGA->CrEatEPopulatlaii(POP_SIZS) *. 
in_pTheGA->CreateEiivirannient(PX, Pll,RAND_£EED) : 
Bu,pTheGA->EvalvE|nui!^eneratlons) ! 

} 

//Draw The optlmixed graph nn the Wlndowfl DC 
void GGAGraphDrlver: :DrawOptiziized(CDG Adc) 

C 

CWordMatrli *|iGrld j 
m_pBeet->GetPhenolTifo(lpGrld) ; 

Craw|dc.*pGrid) ; 

] 

//Draw the un-optisiized graph on tbe Vindovs DC 
void OGAGraphDriver: :Dra^Dptijii.iEedf(^ 4dc) 
t 

CVordKatrix *pOrid ; 
m_pWeirst->Get^enoInfo(4pGrld) ; 

Draw(dc,*pGrid) ; 


(continued on page 147) 
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Monday - The assi^ment 



■. 

"0-ff, NO! / agreed to get this application huUt hy Friday^* 
m Wimkms, Motif and the Mac^ ” 


Tuesday - Use C^-i-A^iews^ visual inlerfaee [milder 



**Bey, Tm alrea^fy ahead of schedule. Tve got my dialogs 
laid out - fjust have to finish the menus." 


Wednesday - Use €-^*/Browse'^ 



**Now, Til use the class browser to create my classes 
and attach tliem to the dialogs and tnenrn. 



Thufs^y - Fini^ MS^ Windoivs" version 


'"Yess-ssr 


Friday - Portingfren^ 

OSF/Motif OS/2^' Macintosh' DOS Text 



“I had some extra time, so / put it on OS/2 and DOS too .'' 


How to build applications on an insane 
schedule without going crazy 

ShcKkeversfone (including yourself), and get your GUI develop¬ 
ment done quickly and portably. Simply use C+-(-A'iews 3-0, the best 
visual programming tool for multi-platform development, 

C-h+fflews 3.0 includes a new visual interface builder with 
powerful features such as callb^k editing, geometry, and portable 
resource files. 

Its browsing utility lets you create, derive, and edit C+-i- classes 
interactively, And it automatically keeps your source, header, and make 
files synchronizal. 

Its class library provides an comprehensive set of GUI, extended 
GUI, data, and file management classes. Best of all, C-n-A'iews unique 

All trademarb belong to their nesnccttra ojmpanies. CooyriBtil ® 1993 llant Sofirofie Conwratiofl. 959 ConcoKl 5L FnimJnEham, MA 01701. Phoine 


design gives you object-oriented programming power and flexibihty, 
without sacrificing platfomi-specihc features, performance, or native 
look-and-feel. 

Call us today for more infonnation and a free white paper. 

Call 800-237-1873. Fax 508-820-0035. 

to EiirajK, call ( 44 ) 71 - 799 - 2434 . Fax ( 44 ) 71 - 799 - 2552 . 

CIRCLE NO. 355 ON READER SERVICE CARD 

Tjtiainit 





















































































PROGRAMMING PARADIGMS 


A Little RISC Lands 
Apple in the Soup 


Michael Swaine 


I n the early 1980 s, the British micro- 
campLiter market was dominated by 
British companies, primarily Sinclair 
and Acorn, 

It was an unlikely scenario. 

The microcomputer revolution was 
by this time becoming institutionalized. 
What, only a few years before, had been 
a maiginal market of electronics hobby¬ 
ists selling to otlier electronics hobbyists 
had become a venture-capital-attracting 
international industry. IBM had come in 
and legitimized the industry, was the 
commonly heard—and true, even if in¬ 
complete^—explanation. 

Ail the early shots in this revolution 
had been fired in the United States, and 
all the big companies—^no surprise— 
were U.S. companies, some of which 
had established manufacturing facilities 
in Europe. The European market, tak¬ 
en as a whole, was only a fraction of 
the U.S. market. The British market was 
a fraction of that fraction, and, unlike 
some European countries, Britain didn’t 
have high tariffs to keep out American 
computers. By all logic, Anglican com¬ 
puter companies should have been able 
to walk all over the hom^own brands. 
Rut thaf s not what happened, BritJ.sh 
computer companies w^ere bucking the 
odds and w inning. What was going on? 

Who Were These Guys? 

One of the things that stands out when 
you look at the British microcomputer 
scene in those days is the Cambridge 
connection. Sinclair and Acorn liad Cam¬ 
bridge University connections in com¬ 
mon, and Acorn in particular maintained 
close ties witli the university, drawing 
on it for personnel, ideas, and .support, 
Cambridge may have been one strength 
of these companies. 

But Sinclair and Acorn differed in 
many ways. For one thing, Clive Sinclair 
went for the high-concept products: The 
World's Cheapest Computer, Tlie First 
Practical Electric Car, The Acorn crew 
were less flamboyant, 'fliey jus! built a 
computer. 

The Sinclair computer was one of the 
Erst users t}f the Zilog Z80, arguably the 
first microprcK::essor created specifical¬ 


ly to be the CPU of a personal com¬ 
puter. Arguably. The Acorn used a chip 
originally intended for controller use: 
the Rockwell 6502. The Acorn devel¬ 
opers got to be experts in the 6502, just 
as Apple cofounder Steve Wozniak did. 

Clive Sinclair, like Nolan Bushnell in 
the United States, founded several com¬ 
panies, explored diverse industries, and 
had flashes of high visibility; Sinclair, 
though, has l:>een off American radar for 
years, Tlie Acorn team prospered with 
less abrupt ups and downs and has sig¬ 
nificant visibility today. It was the BBC 
deal that made their fortune. 

The British Broadcasting Company 
had decided to launch a computer- 
education television show- that would 
mo throughout the UK, and it wanted 
a BBC microcomputer to seU to view^- 
ers of the show. It was a savvy plan, 
and when Acorn got the BBC contractj 
both Acorn and the BBC thought that 
they could sell over ten thousand com¬ 
puters despite the small size of the 
nascent British market. 

To date, Acorn has sold nearly two 
million BBC Micro-compatibles, and the 
company has grown from a typical mi¬ 
crocomputer company of the early '80s 
with a staff of a couple dozen to a multi- 
million-pound company with hundreds 
of employees. 

When it came time, in the mid-1980s, 
to admit that the 6502 had had its day, 
the Acorn guys did something telling. 
Rather than accept the conventional wis¬ 
dom about the ’"right" microprocessor 
for the next generation of computers, 
they Fell back on their expertise, or per¬ 
haps just tlieir old habits. They designed 
their awn. 

What they came up with was the kind 
of chip you might expect old 6502 hack¬ 
ers to design: a small instruction set, low 
power consumption, small die size, po¬ 
tentially low cost. It may have been of 
only academic interest to them tliat these 
are now the characteristics of low-end 
RISC chips. They weren’t trying to de¬ 
velop the first commercial RISC proces¬ 
sor. They just wanted a better 6502. 

What they came up with was the 
Acorn RISC Machine, or ARM, The first 



ARM chip was shown fully functional 
in April of 1985. It operated reliably at 
8 MHz, although designed to operated 
with a 4-MHz clock. It was a 3/i device 
of about 25,000 transistors. Initially, the 
ARMl was offered as a coprocessor in 
the BBC computer. The second gener¬ 
ation ARM2 was used by Radius ki one 
of its first graphics accelerator cards for 
the Macintosh. The ARM2 also saw ser¬ 
vice in the movie.s, being used in the 
robotic controller from MicroRobotics 
of Cambridge, England, that controlled 
the robot turtles in the movie Teenage 
Mutant Nittja Turtles. 

Meanwhile^ Bock in the ColonieSi.. 

Apple formed its Advanced Teclinology 
Group (ATG) in 1986. At that time 
Acorn, facing competitive pressures from 
clones, had just been acquired by 
Olivetti and was soc>n to release its first 
ARM-based computer, the Archimedes, 
to a lukewarm response. Apple's ATG 
was chartered to explore new tech¬ 
nologies that could be of use to Apple 
in the ’90s. One technology that ATG 
evaluated and took note of for possible 
inclusion in Apple products was Acorn's 
ARM processor, but nothing was done 
with the ARM at the time. 

Somew hat later, a skunkworks with¬ 
in ATG called the Advanced Products 
Group (APG) took on the mission of 
developing a new system architecture 
that they were calling Newton. The trip 
to Newton had a lot of side trips and 
blind alleys. It was apparently Michael 
Chao's Knowledge Navigator pitch to 
John Sculley that tipped the balance 
from a tablet form factor to the hand¬ 
held device that Apple eventually re¬ 
leased. 

One of the other alleys explored in¬ 
volved the microprocessor. For some 
time the AT&T Hobbit chip was con¬ 
sidered. What they were looking for was 
a processor with characteristics that 
sounded like those of a microcontroller 
rather than a computer CPU: small die 
size, low cost, low power consumption, 
mstructlon set efficiency, ease of em¬ 
bedding in ASIC designs. In 1990i RISC 
(continued on page 112) 
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OPERATING SYSTEMS 


Windows NT 

k Developer's Guide 


Windows NT: A 
Developer’s Guide 

by Kevin J- C(}odman 
Build your 32-bii program¬ 
ming skills quickly with this 
guide to Windows N'T, the 
new 32 -bit operating syslem 
from Mkrosoft. Filled witlt 
thryrough discussioas and 
examples, it covers the ins 
and outs of Windows NT 
programming, teaching you 
how to develop Win32 and 
Win32 appliaitiofis. EHsk includes sample code, fBK/DISK i 
List Price $39-95 


Mdn L Qoadmjn 


D05 6: 

A Developer’s Guide 

by Ai WUliams 
TTiis bestseller has been 
updated to cover the latest 
DOS release. Ii provides a 
stilki understanding of the 
DOS operating environment 
plus full coverage of eIs 
newest features, Yrju'lt find 
nesv Information on Inter¬ 
acting between DOS and 
Windows. CD-ROM access, Vesa SuperVOnA techniques 
and XMS. The disk is loaded with sample programs, 
toolkits and libraries. CBK./DISK) 

List Price $39.95 


DOS 6 


A firrlip-ir i Giidr 


^VbdiHAlL! A ntwkfVf'iC^ 


Windows 3*1: 

A Developer’s Guide, 
2nd Edition 

by Jeffrey* M. Richier 
Tliis highly regarded best- 
sc^ller has been updated and 
revised to cover Windt iw.s 
3d. Covers new features, 
including new Windows 3.1 
lKK)ks, suhda.'isiiTg atid suj>er- 
dassing windows. Packed with 
valuable illustraticjns, uditties 
and source-code examples. 
Disk ctjnEiiins 12 complete applications. (BK/DJSK) 
list Price $39.95 


ALSO AVAILABLE 

teach yourself,.* Windows 3-1 

byr AI Stejierii Ust Price $21.95 

teach yourself DOS 6 

A i Stet>eiks list Price $21.95 

teach yourself ... OS/2 2.1 

byjudi iV. Kenm ndez List Prfce $21.95 

teach yourself... Windows NT 

IIay£igrjm Rmi List Price $21,95 
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IMMMMI 


H^m 


Strange Attractoi^ 

hyjfdfen C. Spmtt 
Learn to create spectacuLtr 
fracmi images with this 
complete bocjk/disk package. 
Step-by-step Enstructions lead 
yoir througlt the creation of 
a program that produces an 
endless numLieT of patterns 
and musical sounds, (i con- 
Utins over 350 examples of 
computer art plus a color 
insert, an interactive disk 
and 3-D glasses. fBK/DiSK) 

List Price $39-95 



Real World Fractals 

Mark FinUi}’ 
and Keith A. Blanton 
Ijcarn to crreaie exciting fractals 
using object-oriented pro¬ 
gramming icdiniques. Tliis 
IxxTb'dLsk package explores the 
latest advances in fractal model¬ 
ing, showing you how to apply 
the [ediniques to real-life appii- 
cations. Contains eight pages of 
fuIi-tot£:jr fractals and a disk with 
complete ,sciiiroe ctxle. fBK''DlSK) 
List Price $39.95 


PhtMtircTtlbiti jnil 
Rj/Ibnnij'iiD 

-'.C* .- 


Photorealism and 
Ray Tracing in C 

by ebriatopber Watkhis, 
Stephen Coy and Ma rk Finki) 
■[■his book puts the tools 
in your hands to produce 
photorealistic, 3-D images 
on PCs, Includes a section 
on ray tracing, plus tips for 
producing sample intages 
as well as creating original 
designs. Source c^e on 


MS/l’C'DOS disk for reproducing and customizing 
sample Images. (BK/^DISK) 

Lisit Price $44.95 



Hie Data 

Compression Book 

by Mark Nelson 
An authorimdve guide for 
advanced C prtrgrammers. 
Details various data com¬ 
pression techniques, explain¬ 
ing the theory' beliind each 
and showing hrnv to apply 
them to significantly increase 
your system's storage capa¬ 
city. MS/PC-DOS disk 


contains sample source cfjde, (BK/'‘DISK) 
Ust Price $39.95 


ScjtiJ Crninmnioauii'. '4*^ 

.^C44 IVwctipeAUijide 



m 


Serial 

Commiiiiicatiofis: 

A C++ Developer’s 
Guide 

by Mark Nelson 

A hands-on guide to masieiing 
object-oriented techniques in 
writing software for modems, 
BBSs and other communications 
systems, this book covers the 
latest C conipilers from Microsoft, 
B<xland and Zortech. ( BK/'DISK) 
List Price $44.95 


Quantities ate limited Illustration © Mark Summers 


ApptyiiiE C++ 



Applying C++ 

by Scoti Robert f^id 
Intermediate level 
programmers...tills Is your 
next book! Leam how' to 
design and maintain dean, 
efficient C++ applications anc 
do it by using the very tricks, 
techniques and strategies of 
the LndListiy''s acknowledged 
C++ gurus. Disk indudes 
^ complete source code. 
(BK/DISK) 

Ust Price $34-95 
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WINDOWS PROGRAMMING 


} 


Writing Windows 
I Applications from 
Start to Finish 







Writing Windows Applications 
from Start to Finish 

by Dane DJaon 

Uiing a reaJ-world example, this book guides 
programmers through the steps involved in writing 
Windows applications, including user interface 
design, hie content, data structures, coding, testing 
and documentation. Readers not only learn liow to 
plan and design an application from start to finish 
but also acquire a Jiome inventory program. Disk 
contains complete source code. (BK/DISK) 

Usl Price $59-95 


Windows 

I Programming with 
Borland 




Windows Programining 
with Borland C++ 

fySteneOmUine 

Learn to create Windows applications using Borland 
C++ 31- This hands-on guide shows you how It 
leads you through the design, implementation and 
debugging process used to create a program. Youll 
leam how to create various Windows applications 
including a Find Fiie program and a fish screen saver. 
Q>mpleLe with stjurce code disk. (BK/DTSK) 

Ust Price $39.95 




Borland Pascal with Objects 7»0 

by Jos& deJesiis and Abad Godoy 
B<^arid Pascal tnith Ot^ects 7.0 integrates DOS and 
Windows like no other development tool on the market. 
This book will teach y<iu ob|ec1-oriented proi^^mming 
iind how to incoTporate existing objects into your Pascal 
programs. Structured as a tutorial, this book will guide 
you from the basics of Pascal for DOS^ through Turbo 
Vision and up to ObjectWindows, If you're a beginner, 
you can use this book to build your expetdse from the 
lyittom up. If you’re an experienced programmer, 
you can leaf through familiar areas into more 
advanced topics, (BK/^DISK) 

Usi Price $39*95 


Plug a Play 
Programming 


ll 4ft44tIII! Ill 


1 



Plug & Play Programjnlng 

by Wiiliam Wong 

This b<x)k imroduces a new programming technique 
based on an objcct-oricmed class called “plugs." It 
teaches progranimets how to use plugs to de.sign 
programs with interchangeable components tfiat 
can easily be ported from one program to another 
without modification. Tnciudes MS/PC DOS disk 
containing ready-to-use libraries of plugs plus 
source code, (BK/DJSK) 
list Price $39-95 



Getting Graphic; Programming 
Fundament^ in C and C++ 

hy Mark Finlay 

This book readies the fundamentals of graphics 
programming. It show.s C and C++ programmers 
how to plot points on a screen, draw geometric 
shapes, desij^ 3-0 figures and more, This book/disk 
package is filled with sophisticatied and usable source 
code examples and sample graphic images. Getiing 
Graphic is a perfect introduction to the exciting 
world of graphics, (BK/DISK) 
list Price $59-95 



Programming in 3 Dimensions 

by Cbristopbsr D. Wafkim and Larry Sharp 
R^uired reading! Tliis one Is for all computer graphics 
enthusia.sts who want a detailed look at 3-D graphics 
and modeling. Also features discussions of popular ray 
tracing methods and computer animation. Includes 
eight pages of full-color graphics. Provides C source 
code and numerous examples, MS/FC-DOS disk 
contains sample source code. A must have! (BK/DlSK) 
list Price $39-95 



C Elements of Style 

by Steve Ouailirje 

This concise ^ide covers the rules of good program 
design, teaching C and C++ programmers how to 
write programs that can be easily read, understood 
and maintained by othens. Whether you're a student 
or professional programmer, you'll benefit from the 
many lips and techniques for constructing elegant, 
reliable code. 

Ust Price $2L95 


DATAfiASE I 
IIE\'[EflPME\T 


C++ Database Development 

byAiSietJsns 

Al Stevens, tlie popular Dr Dobbs columnist, provides 
all the tools you need to explore the full potential of 
the C++ object-oriented language, Leam to use C++ to 
design and develop uitlifies and database management 
programs. Topics include database fundamentals and 
design ^ darabase management, building the software 
and much more. 

List Price $24.95 


Call 1-800-344-2470 for the location nearest you. 
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PROGRAMMfNG PARADIGMS 


(continued from page 109) 

Icx^ked promising^ and ARM kx>ked par¬ 
ticularly good. 

To ensure that future ARM processors 
would fit Apple's evolving needs, Ap¬ 
ple made a deaf It was an early exam¬ 
ple of the joint ventures that Apple con¬ 
tinues to pursue today. Apple tJK joined 
forces with Acorn and VLSI Technolo¬ 
gy, with whom Acorn had worked in 
producing the first ARM chips, to form 
ARM Ltd. 

ARM Ltd.’s ARM 610 became the pro¬ 
cessor for the first Newton devices, the 
Apple Message?ad and Sharp Expert- 
Pad. (ARM6 devices like the ARM 610 
really represent the fourth generation of 
ARM devices; apparently the number¬ 
ing skipped 4 and 5) 

ARM was on a roll. In 1992, 3DO an¬ 
nounced tliat the ARM60 would be used 
in its Interactive Multiplayer. ARM6 de¬ 
vices are also seeing use in controller 
applications, such as fuzzy-logic con¬ 
trollers. 

The ARM6 family embodies full 32- 
bit addressing and support for both Big¬ 
endianness and Little-endianness, a re¬ 
quirement imposed by Apple. The 
ARM610 includes a 4-Kbyte cache, a 
write buffer, and a MMU, all in a pack¬ 
age smaller than a 386, llie MMU im¬ 
plements memory domains and per¬ 
missions designed to provide hardware 
support for modern operating-system 
memory-management strategies like 
multilevel memory protection, memory 
paging, demand-paged virtual memory, 
and object-oriented memory with back¬ 
ground garbage colleaion. Tlie last of 
these turns out to be crucial to the New¬ 
ton mcxlel for object storage. 

The rest of this column looks at son:ke 
of the ciiaracteristics of that model. 

A Littte Selfishness 

Newton's model of object-oriented tech¬ 
nology is reported to related to SELF, 
an object-oriented dynamic language 
developed by Smitli and Unger at Stan¬ 
ford University about the time the AldVTl 
chip was seeing first silicon. Newton- 
Sciipt is not SELF, though, or Dylan, or 
any other langtiage. It has some unique 
characteristics. 

One characteristic that NewtonScript 
does share with SELF is the “everything 
is an object" approach, llie SELF mod¬ 
el is unusual among object-oriented lan¬ 
guages in that it isn’t built around class¬ 
es. The slogan “everything is an object” 
means that objects inherit directly from 
other “prototype” objects, as distinct 
from die more familiar class-based in¬ 
heritance. 

Newton's object-oriented language, 
NewtonScript, diverges from SELF in 
many ways, but has much the same 


spirit. It has prototype inheritance, as 
well as “parent” inheritance. But not ev¬ 
erything is an object to NewtonScript. 
Chunks of data that can fit into 32 bits 
(integers, characters. Boolean values) 
are addressed via immediate reference, 
while everything else is a pointer ref¬ 
erence. All tiie,se txiinter-referenced data 
aie stored in the heap as, yes, objects. 
Some object-data types are: symbols, 
reals, arrays, strings, and frames. The 
most important type of object in the 
Newton object-storage model is the 
frame. 

A frame is a data structure containing 
named references to objects of arbitrary 
data type. It’s much like a struct or 
record in other languages. A frame can 
also contain functkins. 

Example 1 is a typical NewtonScript 
rrame, Fraines in NewtonScript are de¬ 
limited by braces (II). The named data 
items within a frame are called ''slots.” 
Each slot is specified by its name, a 
colon, and its value, 'llie .slots are sep¬ 
arated from one another by commas. 
Example 1 shows a _proto slot (more 
about this shortly), an integer constant 
slot, a Boolean constant slot, a string 
constant slot, a function slot (this is how 
methods are implemented in Newton¬ 
Script), and a slot tliai is itself a frame. 

liie _proto slot indicates one of the 
modes of inheritance, prototype inher¬ 
itance. To establish that frame 2 inher¬ 
its in dris way From frame 1, you give 
frame 2 a _proto slot and give that slot 
a reference to Irame 1 as its value. Frame 
1 is then frame 2's prototype. Fiume 2 
can Lise (inherit) slots of frame 1, can 
override them with its own slot decla¬ 
rations, and can have additional slots 
that frame 1 doesn’t have, Since func¬ 
tions can appear in frame slots, func¬ 
tions can also be overridden and in- 
heritetJ in tliis same way. 

By the way, to send that method 
exampleFuncHon as a message to the 
frame exampleframe, the syntax is 
exampleframe . examplefunciiorL 

A couple of points will indicate how^ 
you work with this kind of inheritance: 
Inheritance is by reference, and proto¬ 
types can be in ROM. 'fhe implication 


eatfitapleFrauie t 

_pi:cto-j protoFracoe. 
indea: 1 , 
activej TRUE, 
pame; of Ftaaie", 

esaiii|il eFunc t ion: 

funetpaxam] 

begin 

return para& * 10: 
end 

other? ranie: 

t owned "Hike Swaine", 

ownerAddreasI ^"7251147^” 

} 

] ; 


Example 1: A NeulotiScnpi frame. 


is that if there is any chance tlmi a ref¬ 
erence to a certain slot may Lie a refer¬ 
ence to ROM, you should declare that 
slot in frame 2, even though it is de¬ 
clared in frame 1 and inherited from it. 

In fact, the whole Newton user inter¬ 
face essentially resides in prototypes in 
ROM, and you can use them as the pro¬ 
totypes for components of your appli¬ 
cations. Simple Newton ai:>plication.s can 
be developed without any actual cod¬ 
ing by using visual programming tools 
in the Newaon Toolkit (NTK). These 
tools mainly facilitate this process of us¬ 
ing ROM prototypes as the prototypes 
for components of your application. 
More complex applications will require 
some actual coding, of course, and it 
should be noted that only the user- 
interface elements can be used in this 
way. The rest of your app has to be 
built die hard way. 

Look for the Utiion Lobel 

To understand how Newton stores 
object data, you need to know about 
stores, soups, and entries. 

Newton objects can, at least for the 
current devices, reside in one of two 
plac’es: in niemoiy (ROM or RAM) or on 
a PCMCIA card. The memory and the 
card are called “stores.’' Other stores tuny 
be available on future Newton devices. 

Stores contain collections of data 
called “soups.” All the data in a store 
are in soups, and a store can hold many 
soups. If a store Ls like a volume, a soup 
is like a datalrase on the volume. 

Soups are made up of “entries.” An 
entry is a frame. If a soup is like a data¬ 
base, an entry is like a record. 

This model — physical stores con¬ 
taining soups made up of entries, and 
entries that are smtcMike frames of ob¬ 
ject data™ shows tliat Newton objecLs 
basically reside on Newton's physical 
storage devices, but it creates a false im- 
pressit^n. 

Because it isn't the simple soups dial 
matter most in Newton softw^are devel¬ 
opment, but cross-store collections 
called “union soups,” Union soups 
seamlessly merge data from soups of 
different stores. If programmers use 
union soups rather than soups, then 
users can alw^ays decide where they 
w^ant their data stored. In a machine 
with less than 2()0K of user-available 
RAM, you can be sure that's an issue. 
The mcjral for Newton developers: Use 
union soups. 

Naturally, there’s an exeepdon to this 
rule. Preferences are stored in the Sys¬ 
tem soup in ROM only. Every applica¬ 
tion add.s at least one entry to this soup, 
wliich is not a union soup. 

All exisdng soups (the “names” soup 
used by the bundled Names application. 
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for example) are available to your ap¬ 
plication. and you are encouraged to 
use them. You can add your own data 
to lliese existing soups by adding a slot. 
To avoid conflicts, Apple encourages 
you to add just one .slot, using your app- 
Symho! as the name entry^ for the slot. 

Note the distinction: Adding an entry' 
to a soup is like adding a record to a 
datal^ase. Adding a slot is like adding a 
field. 

Soup Management 

Besides aLittimatic garbage collection, 
Newton provides a lot of built- in data 
management. Soups autc^maiically main¬ 
tain indexes of their entries. You spec¬ 
ify these indexes when you create a 
soup, but indexes can Ix^ added and re¬ 
moved dynamically. Currently, the only 
kind of index supported Ls 'slot,” but 
future versions of NewtonScript may 
support others. Using a slot index means 
that tlie index key is the value of a par¬ 
ticular slot lli^tl appears in each entryc 

The function tbeStore .: createSoiip 
f soiipNameString, indexArray ) creates 
a .soup of the specified name in the store 
named theStore. indexArray is a frame 
describing the initial index(es) you are 
creating for the stew. You don't have to 
create any, since indexes can be added 
later. Soups can contain any mishmash 
of entries, but tmless all entries have at 
least one slot in common, it won't be 
possible to specify an index that lets 
you search the whole soup, t^me points 
on managing soup entries: When you 
add an entry to a soup, you actually add 
the transitive closure of the entry. Al¬ 
tering an entry' doesn't update the store; 
you need to call EntryCbange. The 
Mellon operating system calls Entry- 
Change every' so often when idle, but 
applications w'ill typically have to know' 
when to call ErityChange tliemselve.s. 
The only way to get at tlie entries in a 
soup is via a “query.” A query can use 
an index, or some other kind of search, 
like searcliing all string slots in all en¬ 
tries for a specified search string. A 
query^ returns a set of entries, and these 
entrie.s are tlien accessed through an ob¬ 
ject called a “cursor.” 

A cursc^r is a pointer to one of the en- 
tries in this returned set. 'Ihe cursor is 
advanced to the next entry in the set or 
otherwise repositioned by sending it 
messages. 

The Newton approach to handling 
persistent-object data has some distinc¬ 
tive and, I think, interesting character¬ 
istics. I suspect I’ll have more to say 
about it in hiture columns. 

BDJ 
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Real UNIX SVR4 Tools 
On Windows NT 



SPECIAL OFFER 


[f you kno^ UNIX and are using NT, this 
product can pay for itself In a %cek. If 
you’re porting UNIX code to NT, it could 
pay fur itself the Rrsl day. We used Portage 
development tools and libraries to port over 
12<l UNIX utilities to NT from SVR4 source 
code., including both ksh and csh. 

For a limited time, you can get the SVR4 
base system for only $395, development 
i h)oIs for $495, or save hundreds of dollars 
and order both for only $6951 CaU or fax us 
for complete pmiuct litemture, or to place 
your order. Prices on Alpha and MIPS are 
$liNI higher, C!all today and become much 
more productive on NT (ask about 
imminent availability on " Chicago’'). 


Portage”* Features 

• A direct port of the UNIX® SVR4 

source code to Windows NT™. All 
necessary UNIX system calls are 
supported. 

• Over 120 UNIX SVR4 commands 
available on Windows NT (Intel, 
Alpha, & MIPS versions) — vi^ 

Is, g rep, awk, sed, ed, diff, etc. 

• Run UNIX commands from the NT 
shell, and NT commands from the 
UNIX shell (both ksh and csh). 

• Complete on-line manual pages 
as Windows Help. 

• Development tools include yacc, 
lex, make, SCCS, ..., along with 
our UNIX system call and subrou¬ 
tine libraries for NT. 


CONSENSYS 

1 . 800 - 388-1896 

Phone: 1-905-940-2900 
Fax: 1-905-940-2903 


TradeimfkWwmf: Censensys. 
MXAlNiX Sysiem LaboraiotiBS Jhi:. 


'Afindows Mt^icrosofi Core. 
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Now the EASIEST Way to Add Video 
Compression to Your Applications... 



east Expensive! 


Kit 

Vlddo Decomprassion Source 


% 

Px64 


You already know the value of eompreiisetl ^ideo 
for adding new dimensions of exciieinern [o your 
applicanoni, until now snrh compression and 
decompression priKlutis have been at a staggering 
cost per copy, if ihey'vn been available ai :ill Bui 
ntjw Performance Comptuitig is offering the same 
high quality video codec utilities at the highly 
compressed price of only S249 suggested retail. 
With these ANSI-standard software MPEG, IPEG. 
and Fjs 64 libraries, you can have she power of 
video for the price of a disk utility f 

Perfonmince 

Computing 

t-si oRPOR.M nn 


Anti she VDS Kits are affordable for OEMs and 
de\ elopers who want lo set! video based 
applications. Our royalty free licenses make it as 
easy io tlti htisiness as our VDS Kits make it eiLsy 
to devehtp multimedia applications in llie first 
place. And who else suppoiLs hiptop.s, 7 opcrLiting 
systems, plus 20 CTU's? 

So, if you're huilding a videoieleconfenence, retail 
photo kiosk, videophone, on-line training, or 
similar appt teal tons, you owe it to yom^elf to call 
us first. 

(800) PCI-VDEO 

or fax: (503) 297-0878 

'•TSA rSCV\Ml:\ A-.iT'irjiLi;' IrLHimcriiiv:'.:.!. 

ISI.^ S.w. Marlo\\ Ave - Suite 206 
Portland. Oregon 9722.^ 
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Essential Chart for Windows 


The mosr and cmesi my w chfim fvr 

A graphical presentation of data adds important appeal and utility to any application. 
Essential Chart makes your data come alive in full color 2D or 3D, static or real-time 
chans and graphs. This comprehensive Windows DLL adds extensive functionality 
including true 3D rotation and perspective, and the ability to scale text using built-in 
TrueType font support. Plus, a powerful, time-saving CASE tool allows you to inter¬ 
actively create and design charts and chart templates without programming. 

Features: 

• 18 different chart types 

• 2D and 3D bar^ pie, pyramid, ribbon and area charts 

• Financial and analysis chair types 

• True 3D perspectives and rotations 

• Reakime chaning with live data 

• Supports TmeType fonts for text scaling and resizing 

• Windows printer support 

• Displays chart in a parent or child window 

• Source available 

Pricing: $399 



LIFEBOAT 


U B L I S H I N 


1163 Shrewsbury Ave. • Shrewsbury, NJ 07702 
201-762-6965 • Fax 908-389-9227 • BBS 201-762-0339 


Object-Menu 

The cToss-fki^bm ofjpIicatKm far C-H- 



A good interface design can be the deciding factor 
in today's competitive marketplace; object-Menu 
makes it happen in several ways* Built-in aesthetics 
make it easy to create interfaced styling such as 
Windows, Motif, or your own custom design. 
Flexible interface configuration allows you to mold 
die interface to the application, not the other way 
around. And, portability to DOS, Windows/NT 
and OS/2 enable you to offer your product to multi¬ 
ple target markets with a single engineering effort* 
Additionally, object-Menu's intuitive architecture, 
straightforward methodology and Visual Design 
tool actually speed GUI development to allow 
more time tohx:us on ytyur application* 

Features; 

• Currently supports DOS graphics, 

Microsoft Windows, Windows NT and OS/2* 

• Visual Design Ttx>l included with automatic 
code generation 

• Extensive ‘^behind the .scenes support’^ keeps your 
programs small and easier to debug and maiiirain 

• Comprehensive set of interface and graphics 
objects including multi-media objects 

• Supports multiple browsers or child windows tfff 
the main application 

• Extensive data entry capability including real 
time field formatting and validation as well as 
unlimited data types 

• Hypertext help system witli help authoring plus 
hypertext primitives 

• Intermix graphical icons with menus, 
humms, text 

• Includes the MetaWindow/XL high performance 
graphics library 

• Supptirrs major C++ compilers and all popular 
DCS graphics libraries 


Pricing: 

Single platform (chotise DOS, 

Windows, NT or OS/2) 

$299 

Single platform with source 

S449 

object-Menu Professional 
(DOS, WinJows/NT with stsurce) 

$699 

object -Menu Professional -OS/2 
(TOS, Windows/NT, OS/2 with source) 

$899 


CAU. to ORDER 

800 - 447-1955 
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Borland Nonsense: 
Ready, Aim, Shoot! 


Al Stevens 


T he miirksnian: Borland. The target: 
Borland's foot. The weapon: Bor- 
kind C++ 4.0's No-Nonsense License 
Statement. 

Read the saga of how a company, 
kn(iwn far and wide as the software de- 
velo(:>er's friend, dropped dieir guard, let 
their lawyers rewrite tlieir no-nonsease 
license statement, and plugged them¬ 
selves squarely in the pedal extremity. 

Our stoiy^ begins with the patent in- 
saniiy. Unbeknownst to us, Borland 
holds a patent on their VROOMM over¬ 
lay technology, and they have several 
other software patents pending, Tliose 
patents, when granted, will cover algo¬ 
rithms that are implemented wTthin their 
libraries, DLLs, database engines, and 
other redLstributable mcxJules. In theo¬ 
ry, when you build a program witli tiieir 
compiler, the executable code w ill con¬ 
tain algoritiuns covered by a Borland 
patent. Setting aside the question of the 
validity of software patents m general, 
the result is that you are distributing a 
program made widi patented compo¬ 
nents. By law, you need a license from 
Borland to distribute those components. 
Licenses can be obtained in many 
ways. You can pay a one-time fee for 
an unlimited license. You c:an pay a per- 
copy royalty, Tlic holder can give you 
a royalty-free licen.se. You can exchange 
patent licenses. Or you can be denied 
tlie licen.se. If die patent holder does not 
want any competition, or does not want 
you in business for some rea.son, they 
can refuse to grant you a license. You 
would nc^ed to find another way to write 
your program. 

Traditionally, Bodand and otlier com¬ 
piler vendors include this grant in the 
license conditions with whicii you tac¬ 
itly agree when you break the seal and 
use the prcxluct. 

The Borland Dilemma 

Prior to version 4.0, BorLind's C++ no- 
nonsense license statement made no 
mention of patents. It granted to each 
registered user a license to distribute 
compiled programs without additionai 
fees lieitig chaiged. But somexine at Bor¬ 
land saw^ something wTong with that. 
They reasoned that a major competitor 


could use Borland technology to build 
competing tools and applications. 

As the self-professed dominant ven¬ 
dor of tools and applications, Borland 
found itself facing an interniil conflict of 
agendas. The languages division wants 
to provide software developers with the 
best software development technology. 
TTie applications folks want to maintain 
dominance in a marketplace where 
competitors can use tliase superior Bor¬ 
land tools. 

As one Borkind spokesman put it, Mi¬ 
crosoft could buy one copy of Turbo 
C++ for $99,00 and receive unlimited 
use of the patented VROOMM technol¬ 
ogy in applications that would then 
compete with Borland applications. Bcir- 
land wanted to keep the competition 
from using its patented technology 
against it and continue at die sarrtef time 
to be lesponsive to the needs of its lan¬ 
guage customers. It was the old cliche 
about having your cake and eating it, 
too, which is w'hai Borland tried to do. 
But what it came up witJi was met by 
an overw^helming fire.storm of user 
reaction. 

What lit the fire? Well, in rimes past, 
you could distribute as many copies of 
programs as you wanted. Under the 
terms of the new no-nonsense license 
statement, you could distribute only up 
to 10,000 copies per year of your Bor- 
land-compiled application. To distribute 
mc:>re copies than that, you would have 
to get Borland's permission. The rea¬ 
soning behind this peculiar condition, 
as spokespeople explained later, is that 
only large competitors are likely to be 
selling more tiian 10,000 copies per year. 

D-Flat Gets a License 

1 wanted to learn more, so 1 set out to 
get a royalty-free license to distribute 
more than 10,000 copies of D-Flat. I 
called Borland and asked for their OEM 
licensing deparUnent, which is what the 
no-nonsense license statement says I 
should do. The operator connected me 
with Karen Rogers. Wlien 1 asked if Ms 
w'as the OEM no-nonsense licensing de¬ 
partment, she hesitated, laughed, and 
asked what my call was alx>ut. Karen 
is in Corporate Affairs. 1 told her what 



1 needed, and she transfenred me to John 
Smart, Borland's patent lawyer. I told 
him what 1 wanted, and he said no 
problem. Wlien he got my name, com¬ 
pany, and the name of D-Flat, he rec¬ 
ognised it, knew I was from the press, 
and we had a congenial conversation 
about the situation. 

Getting the Iicease was easy. 1 have 
it now and may distribute D-Elat with¬ 
out restriction. But the disturbing part 
is to gel this license, users, potential Bc^r- 
land competitors or not, had lo tell 
Borland about the product. Open die 
tx>oks, .so to speak, 

The Shift Hits the Kahn 

Programmers around the world read tlie 
10,000-copy restriction and w^ent ballLstic, 
There are many venues for software dis¬ 
tribution where the developer cannot 
account for numbers. One is shareware. 
Another is the distribution of royalty- 
free redistributables tliac you develop 
for other programmers to use to devel- 
op programs w'hich they dustribute. Such 
as D-Flat. Get's hairy, doesn't id* But for 
whatever reason, no one gives up free¬ 
doms without a right, particularly when 
they are taken aw^ay in the small print. 
Programmers felt Ix'irayed and said so, 
loudly and with some emotion. The Bor¬ 
land forums on CompuServe burned 
with their complaints. Many vowed to 
return the package for a refund. Most 
demanded an explanation. 

Borlond Respanded 

Borland reacted lo the outcjy^ by post¬ 
ing a Q&A dialog on CompuServe that 
was supposed to clear up the matter. 
TTiey announced their intention to re¬ 
vise the no-nonsense license statement 
to remove some of the restrictions, but 
the wording of the QSlA was vaguer 
than the original no-nonsense license 
statement, and it was not clear how tliey 
would deal with the problem short of 
removing all of the restrictions. 

Tlie 10,(XX)-copy restriction was silly 
at best. Borland's VROOMM patent is 
the only one it has, although othei^ are 
pending. One wonders who Borland 
w^as trying to contain. The Q&A docu¬ 
ment stated publicly dial die restriedons 
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are directed only at certain large, lili- 
gioiis competitors and that others had 
nc;>thing to worry^ atout. It said, “If you 
arc not a litigious competitorj tiien the 
restriction doesn’t apply to you." Ilow 
does >i<jrland know who is going to sue 
them? It seems to be saying, ""If you sue 
me, I'm taking my license back,” 

Smart n^mowed the numl^r of litigious 
competitors to two and would not name 
diem but said that one of them was su¬ 
ing Borland now. That would lx.* Lotus. 

listen up, Philippe. Overlays ain't that 
hard to figure out, Lotus can hire some 
fast and loose programmers and do their 
own ov^erlay manager quicker Chan you 
can snap-roll your Waco. It isn t wortli 
all this bad public relations just to force 
them to do that. 

Speculation follows. Could be stjmc- 
one at Borland heard that Lotus wrote 
everything in Turbo C and is heavily 
committed to some compiler implenK^n- 
tation-dependent .stuff* That would lx 
tlic coup de grace. Mg your nononseivse 
license sUitement so dial a big competi- 
toFj one who just hap^xn.s to be suing 
your eyes out, cannot upgrade to the 
next version of their principal develop¬ 
ment tool. Tliis is the only scenario that 
I can come up with that even remotely 
explains Borland's changes in attitude 
about patents. Nonetheless, I wonder 
alx)ut the ethics luid legality of a license 
that is publicjy waived for evelyone ex¬ 
cept certain competitors. Borland told 
us that there are tmly two targets, and 
it gave us enough informaticjn to guess 
wluj the large, litigious competitors are. 
End of .speculation. 

Other Restrictbnsi What You Con Compile 

The 10,000-copy limit and the patent 
tlireat are only tJie fimt half of the sto¬ 
ry. Most programmers did not notice 
that Ikrland C++ 3.rs no-nonsense li- 
cen.se statement contains language that 
restricts what kind of programs you can 
compile and dist rib Lite, You are re¬ 
stricted from developing: 

...i\ compiler, dcvcUipment tciol, envi¬ 
ron mem product or library^ which in¬ 
cludes any of tlic libraries, DLLs or souice 
code included in this package...[orj...a 
prtKlua that is generally comjxtilive with 
or a .substitute for any Hol land Language 
product. 

How^ many of yoti 3,1 u.sers knew^ 
that? You didn't read your no-nonsense 
license statemenL did you? See wdiai it 
,says? Yoli can’t develop a programmers 
editor because it wouki compete with 
Brief, You can’t Llevelop a cDmpilcr, an 
IDK, a profiler, a user-interhice class li¬ 
brary (such as D-Flat++), a resource 
ct:jmpilerj and so on. 


^riie patent ,stuff, which caugiit every¬ 
one’s eye, drew attention to these other 
restrictions. Most of the programmers 
spoke out as if the noncompete condi¬ 
tions were new to version 4.0. They 
were not. Nonetlaeless, users were iiiiid 
about the noncompete stulT tcjo, 

The Paradox Paradox 

What was the intenr? According to Smart, 
Borland did not want to restrict you in 
any of the ways that 1 just described. 

Every programmer 
understands that 
'‘software patent is 
an oxvmoron 

even though the language in the new 
no-nQnsen.se license statement said 
otherwise. It merely wanted tfj prevent 
anyone from buying the Paradox en¬ 
gine, putting a user-interface shell 
around it, and selling a product that 
competCsS witli Paradox. Tliere’s the real 
paradox, folks. The languages depart- 
ixvjTil wants to provide de\ elopers walli 
a comprehensive datalxtse engine, but 
the apptication,s departmenr does not 
want those develofxrs to use it in ways 
til at the company does nt>i apprrjve of. 

More Nonsense 

Ikjrland’s sliol in the WxA was a double- 
barreled blast. Tile second barrel on 
their no-nonsc:nse licease staiemeni cx)n- 
tained the condition that the program 
you develoji ^h,,niay not lie an operat¬ 
ing system.” 

Wow. I didn't know that liorland w^as 
planning to rele;ise an operating system. 
My earlier specula lion would not apply 
to this one. The other large litigious 
competitor ckxsn’t use Borland's com¬ 
piler to compile their operating .system. 
Tliat can’t lie why Ikiriatid put this re¬ 
striction in. My usually reliable stairces 
weren’t telling, either, other than lo ,say 
that one c;)f the lawyers added the lan¬ 
guage. Makes you wonder. Doesn't any¬ 
body outside of the legal department 
read this stuff before it goe,s in the big 
blue and white box? 

Tills opera ting-system rcstrictk:>n had 
wide-ranging implications. For one 
thing, ii ruled out UNIX ports. Hut 
wxirsCj it hit emheclded-system devel¬ 
opers squarely between the eyes. An 
embedded system does not usually use 
MS-DOS, DR-DOS, or any oilier geneml- 
piirpt)se operating .system. The embed- 
decl program will be sc 11-contained, 


w'liich means that it includes an oper¬ 
ating system. You couldn’t write one of 
them according to the new^ terms. 

Of course, anotfier outety' was heard 
'toiind the world. Borland reacted quick¬ 
ly by saying in its CompuServe Q&A, 
'The restriction against creation of an 
OS Ls deemed unnecessary and will be 
dropped." 

Why was the restriction necessary one 
day and not the next? One thecjry in¬ 
volves Borland's agreement with Mi- 
CTCxsoft. Bt^rland has a license to dis- 
tribiiie ceitain Windows development 
materials that are covered by Microsoft’s 
copyright of the Windows API. Without 
those materials, Borland’s Ltsers would 
need to purcha.se the SDK to develop 
Windt^w's progninis. Ihe theory specu¬ 
lates that Microsoft granted that license 
on the condition that Borland w^ould 
somehow prohibit its users from devel¬ 
oping operating systems that compete 
wilh Microsoft. I do not believe this the¬ 
ory. .Microst:pft does not have similar re¬ 
strictions on your use of its own soft¬ 
ware development products, I believe 
tliat .Microsoft giants tliose licenses be¬ 
cause its best interests are served when 
you develop Windows programs re¬ 
gardless of llie compiler that you use. 
No, the stoiy that Smart told me makes 
more sense. One lawyer, who dcK'sn't 
know what an operating system is, put 
the language in, and no one else wa,s 
smart enough io cross it out. 

So, once again, w hy did die urgency' 
of tills operating-system condition dis¬ 
appear .so fast? Because it isn’t impor¬ 
tant, anil you, llieir customers, how'led, 
tiiat’s why. 

The Healing of the Wound 

Borland lost a large measure of credibil¬ 
ity during this episode. It smek a toe in 
to rest the patent w^ateis and got it shot 
off. It tried for some letLson to limit the 
development of operating systencs and 
got Uie door slammed shut in its face. 

To regain some lost esteem, Borland 
w erit i n t< > d a i via ge- contn >i c ris is mode. 
The .spin doctors rewrote the no-non¬ 
sense license .statement to remove the 
operating system and 10.000-copy re¬ 
strictions and to water down the non¬ 
compete clause to renect their true, 
original, noble intentions, which are 
more palatal lie. The only restriction is 
as follows: 

Your progiains may nol he rtierely a set 

or suh.sct of any of tfie librane.s. code, 

Kedisuibutables nr other files included in 

this package. 

'Fhar restriction seems reasonable and 
reflects Borland’s responsiveness to die 
concerns of its customers. More impor- 
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tanLly, it demonstmies the power of the 
user’s voice wliea a vendor tries to im¬ 
pose unreasonable restrictions on its 
customers. We, the programmers, won 
tliis one l:^y the sheer force of our num¬ 
bers. I hope that all vendors are watch¬ 
ing and that they will have the good 
sense to let scmie users look at what the 
lawyers write before they commit to it. 

We hope that Borland learned that 
lesson* In its zeal to counter their ene^ 
mies, it forgot who its friends were. It 
show-^ed us a different face, one that we 
had not seen before, a mean-spirited 
fine that holds and can enfc^rce software 
patents if it wants to. We want to be¬ 
lieve that the oid face has returned and 
that it is tlie true one. 

Borland is not a litigious company* It 
has never sued anyone* Borland tJiought 
that reputaticai would hold it in good 
stead in the face of public reaction to 
their actions. But when 1 asked about 
tlie future, when the empty suits cliange 
occupants, w^hen I asked alxiut how w'e 
could be sure that some future regime 
would continue to overlook those fas¬ 
cist and burdensome no-nonsense li- 
c€?nse restrictions, Borland could ncjt an¬ 
swer. In the face of overwlielming public 
disapproval of their actions and the hid¬ 
den agenda that those actions seemed 


to rcweal, Borland did what it had to do. 
Ii ttxjk it all back. The version 4.0 no- 
nonsense license statement is, if any¬ 
thing, more liberal and more absent of 
nonsense than that of version 3.T 

Whot We Learned 

This episode teaches us something else, 
too. Read the licensing conditions on 
w'liatever software-devebpment tcxJ you 
use to develop a program that you plan 
to distribute. Virtually all C++ compiler 
products have some restrictions. They 
require that you put a valid copyright 
notice on your software and do not re- 
mt>ve any copy right notices that they 
include on the redi.stril.:juta[^le ccjmpo- 
nent-s. You indemnify the vendor from 
any liability if your programs do not 
work. You may redistribute the redis- 
tributables only as a part of an operat¬ 
ing program and not as redistributables 
themselves. You must be a registered 
user of their product to distribute pro¬ 
grams compiled with their product. 

Only Borland and Microsoft have 
restriction.s about wliat the programs 
themselves may do. Borland does not 
want you to distribute sets and subsets 
of its redistributables, w^hatever that 
means, Microsoft does not want you dis¬ 
tributing programs that use its libraries, 


MFC, and VBX redistributables in pro¬ 
grams that programmers use to build 
programs that use \T5Xs. Interestingly, 
although Symantec C++ Professional li¬ 
censes the MFC iibrarie.s from Microsoft 
for just such a purpose, it does not have 
a similar license restriction about what 
you can do with them. As you can see, 
it gets complicated. 

Patent-Lealher Agenda 

.Several years ago, every i.ssue of eveiy 
automobile magazine was sure tcj have 
at least tine editorial where the autlior 
whined about the national 53-mph 
speed limit. Until the law^ was repealed 
those magazines acted as the self- 
appointed guardians of our right to drive 
fast. Similarly, every gun magazine to¬ 
day can be depended upon to wedge 
their editorial agenda against enemies 
of die people such as Janet Reno and 
James Brady who would abridge our 
Second Amendment right to own and 
bear semi-automatic assault weapons 
and handguns (in a w^ell-tanned militia, 
of course). 

We in the programming-trade press 
are coming to sound very much like 
those odier self-interest watchdog publi- 
aiiions. We are beating this issue of soft¬ 
ware patents to dcatli. is die point? 


Developer's Toolkit 

Z vINDEX 

Fastest, Most Powerful Tex- 
Ret ievai technology Avaiiaoie 

Bosed on ZylNDEX—leader from the beginning 
in PC text retrieval 


■ Seoreh 1 GB in Less Thort 5 Seconds 

• Up to SO Million Documents, 10 GB Total Per Index 

• Powerful Searches: Word, Phrase^ Proximity, Boolean, 

Wild Cards and More 

■ Works Dir^tly with MS Word, WordPerfect, AmiPro, 

dBASE, ASCII, pnd Others 


Ideal for use with high-level application development 
environments such as Visual Basic, ToolBaok, 
KnowledgePro, and ObjectVision. 


Windows, DOS, and UNIX/S86 
libraries available $8,995 

Call for Specs and Demo, 

iuO-544-6339 
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A FREE issue of The C Users 
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C/C+T programming solu¬ 
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SOLUTIONS FOR 

C/C++ 

PROGRAMMERS 
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C PROGRAMMING 


Well, in the first place, the issue is a 
technical one that is Lx^ing administered 
with nontechnical criteria, and we, the 
trade press, are the only public foaim 
that has or will tell the truth. Tlie argu¬ 
ments for software patents are based in 
power, money, and politics. When you 
apply nontechnical, interim solutions to 
a technical problem, you alniast always 
arrive at a final solution that does not 
work, if only because the techniatl parts 
of die problem are unsolved. Unfortu¬ 
nately, we are singing to the chtjir. You, 
our readers, already understand. 

Every programmer understands that 
“software patent" is an oxymoron. The 
lawyers who prepare and file tlie patcTii 
documents do not understand. Neither 
do the Patent Office bureaucrats who 
grant the patents. Some of the people 
wht> lidd tlie patents understand, hut tliey 
are motivated by things other than tech¬ 
nical purity, such as the pnjmLse of gain. 

One of our smartest programmers is 
Bill Gates. His plans for Microsoft in¬ 
clude 100 new software patents per year. 
He kntws liener, knows that the system 
does not know liecter, and plan.s to use 
that advantage to expand his power, in¬ 
fluence, and wealth. Why am 1 sur¬ 
prised? Isn’t this supposed to be the 
greed-is-gotKi generation? 


Sofhv^are patents are everyivhere. Most 
of the software-tool vendors who bring 
their demos to tlie DD/ conference rcxim 
proudly announce that they have filed 
patents ^>n piirts of tlieir products. 1 don’t 
think they read our editorials. 1 recently 
attended a briefing of a new version of 
a well-known database management 
system. The vendor has a patent pend¬ 
ing on his particular use of the li-tree 
algorithm in tlie indexes that support in¬ 
terfile relationships, I had to laugh, lie- 
cause years ago 1 ttsed an identical tech¬ 
nique in government software systents. 
It was obvious then. It is ohviou.s now. 
The patent will probably lie granted. 

And yet, we keep tliumping the drum. 
If we educate you alx>ut the dangers of 
software patents and their ptjtential to 
compromise your livelilincxl, then wc 
have done some gtxid. At least you will 
be prepared. If enough oJ’ u,s kick up 
enough of a fuss, maybe our legislators 
will get the hint and do sometliing pos¬ 
itive alic:>ul the problem. Maylx^ we can 
gel the attention of Lhcxse wlio need to 
undersland their business and t>urs a 
little tetter. The effort might be in vain, 
however Kven if we educate tlie 
lawyers, rliey will pretend to continue 
to operate in a cylierftjg. Technical ig¬ 
norance supports their agenda, wliidi 


I.S collecting fees for knowing the law. 
Educating Patent Office bureaucrats is 
probably a waste of time, too. As soon 
as one of diem understood softw^are 
well enough to do the job, they would 
quit and find work as a programmer. 
Who wouldn’t? And finally, trying to ed¬ 
ucate wannate wealthy patent holders 
and fee collectors is guaranteed to be 
folly. They have already learned all that 
they need to know. 

Goodbye, Sonny 

I want to tell you alioui an unsung hero 
in our indu.stry, someone who wiS nev¬ 
er lie the subject of a book, who will 
never receive a pre.sUgious award, and 
about whom you will never hear, ex¬ 
cept today in this column. 

Almost six yeiirs ago, in my fast “C Pro¬ 
gramming" column, I tokl how my broth¬ 
er Fred got me sumed with C, fie was a 
microconipuler pioneer with an engi¬ 
neering degree and a love of program¬ 
ming. Me liad every issue of /V. I}ohb's 
and was among the first of the home¬ 
brew computer makeis. He was not one 
of die fiinK)us liackers, but he knew^ more 
alxjut it dian most. He kept a low profile 
and kepi in touch with everything that 
was happening. You did not lmos\' about 
him, htit he knew altoui all of you. 








How to Become a More Effective C++ Programmer 


I n this age of ever more complex programming require¬ 
ments, it's tough enough just to keep up with the times. 
To get ahead, you need to team up with experts in the 
field. 

T urboPower Software has been writing award-win¬ 
ning programmer's tools since 1985. With all of 
them, you get complete source code, no royalties, plenty 
of examples, comprehensive help systems, literate docu¬ 
mentation, easy learning curves, support for the latest 
compiler versions, and affordable prices. And you woiTt 
find heller technical support anywhere, 

**Mon€si-to-God power products and superior support. ” 
Robert A. Del Rossi, Director of Information Systems, 

Liberty Real EsUtle Group 

C all, fax, e-mail, or write today 

for our informative catalog. , ™ 

Evolution was never this easy! WBF sjiSisj 



Asyne Professional for C/C-h- - comprehensive DOS 
serial commur^icHlions, plus ZIP and LZH data compres¬ 
sion. SI 89 

B-Tree Filer for C - fast, efficieni. muIU-user database 
toolkix, plus network funeiions. $249 

Object Professional for C++ - comprehensive user 
interface class library for DOS text mode apps. Includes 
screen painters for data entry and menu systems, plu,s 
much more. $249 

TSRs and More - siaie-of-ihe-art TSR engine for swap“ 
ping and standard TSRs, swapping spawn.virtual arrays, 
and more. $149 

These toolboxes support all recent versions of Borland 
C++and Microsoft C/C++. _ 


TurboPower Software 

"Your Satisfaction Guaranteed*' 



PO Box 49(K)9 Colorado Springs. CO 80949-9009 USA 
ToUdrce: 801+333-4160 International: 719-260-9136 
Fax: 719^260-7151 CompuServe: 76004, 2611 
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ft was 1971, I was pounding out 
Cohol accounting prograiTLs when Fred 
dropped by. He brought a small alu¬ 
minum hobby box with a front panel 
sporting four LEDs, four toggle switch¬ 
es, and some push buttons. It was a 
home-built computer, about the size of 
a cigar box, ainning an Intel 4004 micro¬ 
processor [ had never seen such a tiling, 
We spent all afternoon loading programs 
and data into the small memory with 
switches and buttons and reading the 
output as binary values in the lights. The 
4004 was meant to be used in calcula¬ 
tors, but Fred was using it for some kind 
of black-box application in what we 
would call today an “embedded sys¬ 
tem.” We got excited about that little 
box with four data Lines and 256 bytes 
of memory. Someday, we thought, ev- 
eiyrone would want one. 

Fred grew widi and ahead of the tech- 
ndpg>^ always among die first to try new 
things. He built one of the first Altairs* 
It’s still in his basement lab, still running. 
He recruited me to write programs for 
his projects and showed me how to 
squeeze code into tight spaces, citing 
Stevens's first law of programming, 
which said that any program can be re¬ 
duced by one byte, and Stevens's sec¬ 
ond law", which said that sometimes 
Stevens’s first law had to be applied re¬ 
cursively. Together we built many di¬ 
verse embedded systems: a telephone 
call accounting system, a point-of-sale 
monitoring device, a power-company 
remote-station monitoring system, a 
lalxiratory etcliing device. We integrated 
microprocessors with PBXs, VCRs, TV 
cameras, cash registers, voice synthe¬ 
sizers, pagers, stepper motors, plating 
chambers, motion detectors. Fred de¬ 
signed and built the hardware, and I 
wrote the programs. We worked side by 
side, days and nights, and every projea 
was a learning experience. Those old 
8080 machines served as prototypes for 
the products and primitive development 
systems for the finnware. We typed the 
source code into memory with a Tele- 
Type terminal, programmed EPROMS 
from paper tape, and erased Qiem un¬ 
der LIV Kglit. We wire-w rapped and sol¬ 
dered and patched and programmed and 
hand-as.sembled our way through 
dozens of one-of-a-kind machines, each 
one a wronder to behold and every one 
finished and performing its mission, 
some of them still in service tcxiay. 

Twelve years ago, Fred's diabetes 
took him out of the aaion. With the pas¬ 
sage of time he lost most of his vision, 
his kidneys, his legs, and a hand to the 
ravages of the disease. Not able to see 
well enough to design and debug hard¬ 
ware again, he returned to software, 
learning UNIX, Forth, C, and assembly 


language. His reading and typing were 
slowed sometimes to a crawl, but he 
never gave up, always maintained a 
hearty" sense of humor, and never lost 
his enthusiasm for die work. Even when 
he could barely lift himself out of bed, 
he talked about ideas for the next pro¬ 
ject and Iield onto the belief that he'd 
lick the odds and see it through one 
more time. Widi his right hand gone and 
unable to see, he was sdll at it, figuring 
out how to intt^nate a joysdck keybcjaid- 
emulator program with a voice synthe¬ 
sizer so that he could get back to pro¬ 
gramming as soon as he got weO. 

On his fiity-sixth birthday, eight days 
before Christmas, his frail body gave 


way to a last heart attack, and Fred died, 
and his monumental spirit, intelligence, 
and courage were gone. 

This is a lonely time for me. Every¬ 
thing that I know and all that I have 
done tliat is good can be traced in one 
way or another to things that my big 
brother Fred gave me. By his teaching, 
his example, and his encouragement, he 
was my mentor, my friend, and my 
biggest fan. But the loss is not mine 
alone. He left a family that he loved un¬ 
conditionally and many loyal and de¬ 
voted friends. We will all miss him. 

DDJ 

To for yoiir artide, ctrUe inquiry no. 12. 



Turn to Turning Point 

For a very simple reason - We under¬ 
stand ttie business of software product 
development and weVe been doing it 
successfully since 1983. 

Our approach to project management 
insures proper controls» scheduling and 
budgeting. With a full time Quality 
Assurance and experienced Software 
Engineering staff, we have the technical 
excellence and proven track record to 
get your product done right. Plus, our 
experience in Macintosh®, 
MS-Windows’^ and EX3S cross platform 
development is unparalleled. 

Turning Point Software, the one to 
cum to for software product development 
at its best. 

Call or write for a free portfolio. 




lUrning Point 


Software 


One Gateway Center 
Newton, Massachusetts 02158 
617-332-0202 
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Eneigize Your DOS implications 
with a Windows-Style Interface 


Sciureh Ulndctu 


Heu 




save 

Ult Ctr1-K.E 
Close Ctrl-K.X 
kiii-i n 


A re your DOS applications starting 
.to show signs of age? If so, it’s time 
to do some remodeling. With our new 
C/Windows Toolchest™, you can easily 
create interfaces for your DOS applications 
that are similar to 
Microsoft® Windows™ 
applications. 

Two simple 
function calls Eire 
all it takes to create 
movable, resizable 
windows, complete 
with scroll bars and 
other standard 
controls; including 
minimize, maximize, 
restore, and menu 
buttons. A wide 
variety of other 
controls are also 
available; including 

push buttons, radio buttons, and check boxes. 

Of course there is extensive support for 
menus. Create horizontal and vertical menus, 
with or without scroll bars. Arrange menu 
items in a single row or column, or in multiple 
rows and columns. Attach a sub-menu to any 
menu item. 

For collecting user input, you get a 
comprehensive set of functions to manage 
data entry fields. Collect data one field at 
a time, or all at once through complete data 
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entry forms. Use picture clauses to build data 
entry templates. Valid input may be enforced 
automatically, or you can define your own 
input validation functions. 

Handling mouse input is easy. There are 

numerous high level 
mouse functions, 
including one that 
retrieves all mouse 
events and key¬ 
strokes, Mouse 
input is handled 
automatically by 
control buttons, 
menus, and data 
entry fields. Low 
level mouse 
functions are also 
provided just In 
case you need 
them. 

In all, the 

C/Windows Toolchest™ contains more than 
250 functions to help you design a state-of- 
the-art user interface. Included are functions 
for Implementing context sensitive help, 
keyboard control, and graphics. You also 
receive the complete source code for a 
multi-window Notepad editor that works 
in both text and graphics mode. C/Windows 
Toolchest™ works with C and C-n- compilers 
from Mix®, Borland®, and Microsoft®. 



Now One Interface Library Lets You Create 
Both Text and Graphics Mode Applications 


□ Please send FREE brochures 
Disk Size: □5.25" □ 3,5" 

(Requires DOS 2*0 or higher) 

Name _ 

Company__ 

Street___ 

City_ 

State_ 


Zip. 


Country_ 

Telephone 


□ C/Windows Toolchest.*.*.$39*95 

□ Library Source. ...**.$10*00 

[Source code for C/Windows library) 

Shipping & Handling._ 

[$S USA, SIO Cjmada, $20 Foreign) 

Texas Sales Tax (8.25%)..$_ 

Total Amount of Order.. *,.*$_ 

Paying By: □ Check or Money Order 

□ Visa Q MC □ Amex Q Discover 

Card#_ 

Exp* Date __ 



60 Day 

Money-Back 

Guarantee 

7x9, 624 pages 


To Order Please Cali: 

1 - 800 - 333-0330 

Orders or TechnicaJ Questions: 

Tei: 1-214^783-6001 

Fax: I -214-783-1404 


rax 

software 


Mix Software 
1132 Commerce Dr. 
Richardson, TX 
75081 
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ALGORITHM ALLEY 


Searching for a 
Search Engine 

Tom Swan 



S electing tlie right tool for the job is 
always important, whether you are 
a carpenter mechanic, or program^ 
mcT. Too often, hem^ever, progmm- 
mers clioose algorifhms for the wrong 
reasons—selecting a Quick sort liecause 
they l:3eUeve it's always the fastest (not 
tme) or using a binary search because 
they heard it always makes tlie fewest 
compariscjns when finding elements in 
a sorted array (also not true). Never 
choose an algorithm because of its pop¬ 
ularity. Depending on your application's 
requirements, a less-well-known metltod 
may l:!e faster or more efficient. 

On the otlier hand, it's human nature 
to be taken in by claims of superiority, 
as I discovered wdiile searching for a 
tool of anodier variet^^—I’m talking oil- 
filter wrenches, now, not algorithms. 
You see, I need to regularly change the 
oil and filter in the diesel engine on 
board my home and sailboat, but it took 
three tries to find a wTench that would 
properly unscrew?^ the filter can. The fust 
tocji I purchased, the most popular de- 
sign, came with a band of steel attached 
to a vice grip that dented the filter case 
with only minimal pressure. The next 
sported a plastic strap and the wotten 
promise that “one size fits all” Imagine 
the raw" holding power of plastic on a 
greasy canister, and it's not hard to un¬ 
derstand why tliis filter wrench of the 
future could never work as advertised. 
(Products like these make me question 
w^hether tool manufacturers ever try their 
ow'n wares. I often wonder the same 
about software vendors.) Finally, while 
poking around in a mechanic's tool 
chest, I found a homemade pipe, fitted 
for a socket WTench, whth a rough 
leatlier strap that grabbed the filter the 
first time. Later, I bought one from the 
mechanic. Tliis just goes to show that 
you should never choose tools based 
on their popularity or advertising claims. 
It’s often the unlikely junk in the bot¬ 
tom of die drawer that works best. 

Fast Failures 

The same is true of algorithms. For in¬ 
stance, in dusting off an old program 
that I use to prepare Pascal listings for 
publication, I wondered whether a bina¬ 


ry search w^as the best w'ay la look up 
entries in a sorted list of keywords—- 
the critical code in diis application that 
parses Pascal programs and converts 
keywords to lower case, optionally de¬ 
limited for boldfacing in a word pro¬ 
cessor, I knew that a binary search 
m^ikes only comparisons, where 

N is die number of words in the array. 
Finding an entry in a list of 100 key¬ 
words, then, requires a maximum of six 
comparisons, which I wrongly assumed 
to be the best results I could expect. 
To improve the program s speed, I 
considered using a hash fiinction or a bi¬ 
nary tree to search for keywords, but 
then I realized that, once again, I had 
been searching for a search engine for 
tile WTOng reasons. Most strings in a pro 
gram listing are not keywords, so my 
program’s speed w"as more dependent 
on how^ fast a word was not found than 
it was on the speed of a successful 
search. In other w"ords, I needed a 
method that failed faster than die com¬ 
petition. Once I can^ to diat realization, 
I found a way to boost my program's 
run-time speed by 20 percent. ITie al¬ 
gorithm that I chose, called a trie 
search —after “information reTMEvar— 
is no faster on die average di£in a bina¬ 
ry or hash function, but it requires a niax- 
imum of JV comparisons—where TV is 
the number of words beginning widi die 
same letter— to determine that a word 
is not in die table. In practice, most failed 
searches take only one or two such con> 
parisons—many cake none—far better 
than required by a binary search, which 
tends to make the maximum number of 
comparisons for unrecognized words. By 
selecting the right tool for the job, tak- 


Figure 1: Ciassic trie-search table. 


ing into consideration the fact that most 
searches could be expected to fail, I in¬ 
creased my program's speed by using a 
less-popular, but lietter-suited, search al¬ 
gorithm, 

Trie-Search Algorithm 

A classic trie-search algorithm relies on 
a table arranged as illustrated in Figure 
1. The figure shows only a portion of a 
complete table, indexed in the first col¬ 
umn from A to Z. You could also index 
the table using odier character sets— a 
standard ASCII trie table, for example, 
might have 127 rows. Each element in 
the index contains the number of an¬ 
other array diat stores tlie table’s words. 
The table entries might directly store 
data, or they could contain pointers— 
the exact format of the table depends 
on your program's requirements and the 
programming language you are using. 
A zero or null entry in a column indi¬ 
cates there are no words beginning with 
that letter, tliere are no Pascal keywords 
beginning with H, Y, or Z, so those en¬ 
tries are set to zero. (I'm using Borland 
Pascal's key^'ords here.) 

As you can tell from Figure 1, a pro¬ 
gram can use a irie-seardi table to quick¬ 
ly determine whetlier a search argument 
is not a key woixl. In lact, no string com¬ 
parisons at all are required for entries be¬ 
ginning with H, Y, or Z. Only one com¬ 
parison Ls needed to find words b^fnning 
with B, To achieve die same results using 
a binary search requires up to six conv 
parisons for negative searches of Borland 
Pascals 57 keywords. In other applica¬ 
tions with larger tables, you could extend 
the algorithm to use two or more tables 
indexed on a word's successive letters. 
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The Developer’s Source 
for Windows™ 



jJiiJ'jjySjjjJil ijja 
UujJii'ijJ Jjjiyj-fijiia 


Ask for AfSi/at your 
local newsstand 


Index 

[a! 


-► 

and 

[bj 



begin 




array 


asm 


m 

[g] 

th] 


Nil 


far 


goto 


file 


for 


function 


[X] 


XGf 

[y] 

Nil 


[2] 

Nil 



Figure 2: Trie table converted to a sparse matrix. 


Tile trick is to minimize the number of 
liill comparisons required to Ond words 
in tlie talile or to determine tlieir absence. 
Once youVe stmctuted tlie UiblCj the rest 
is easy. 

One problem, however, is evident 
from Figure L Many table slots are emp¬ 
ty, wasting space. To minimize memo¬ 
ry^ use, you can instead construct the 
table as a sparse nuiirix, as illustrated in 
Figure 2. Now the first column l:)ecomes 
an array of pointers, each of w^hich ad¬ 
dresses a list of words beginning with 
t!ie same letter. (The table could be 
compressed somewhat by deleting the 
fiist letter of each word.) Entries with 
no wcjrds are null. As in tlic classic table, 
you could extend tJic sparse matrix by 
building other indexes for subsequent 
Ictteis in each w^ord. Carrying that idea 
to the extreme reduces the trie table to 
a digital list—that is, a binaiy tree of 
letters, with paths forming the tal:>le’s 
words. fSmall tables such as the one 
shown here, however, work just as well 
with a single-level index. 

Example 1 is pseudocode for Algo¬ 
rithm #18, Trie Search, The algoritiim 
simply looks up an Input argument s first 
letter in the index, then searches the 
linked list for a match. Only a single ex- 
aa-match string compari.son is needed 
inside the inner loop—the key ingre¬ 
dient of tills method’s speed. A binary 
seajch requires alphabetical less-than or 


input 

Arg: String; 
var 

P: Pointer: 
begin 

P ^ lndex[Arg[1]]; 
while(P <> nil) do 
begin 

if P^.Word = Arg then 
return True; 

P <r- P^.Next; 
end; 

return False; 
end; 


greater-than comparisons, further slow¬ 
ing searches for arguments not found. 

Pascal Parser 

Listings One, Two, and Tliree show^ tlie 
source code for my Pascal Parser, 
IDENT.PAS. SEARCH.PAS, the Pascal unit 
in Listing One (page 143), impletiients 
the trie-search algorithni. Keyword lists 
are composed of linked records of type 
PesWordPec. llie glol:jal array cor¬ 
responds to the hidexcotunm in Figure 
2. Procedures AddList and AddWord 
build tlie trie-search tables—you can 
use these procedures to construct a trie- 
search engine for any list of words, but 
the words must be inserted in alpha¬ 
betical order (see lunction InitiaHze). 
Function IsResened determines whetlier 
a given w^ord, passed as argument Ident 
is a member of the table. 

llie other two listings, COMMON.PAS 
(Listing Twx), page 143) and IDENT.PAS 
(Listing Three, page 143), use the trie- 
search engine to parse a Pascal listing. 
Tlic program converts to lower case all 
keywords in a Pascul source file, and also 
optionally capitalizes all non-keyw^ords 
(specify option-c). Use option-b to 
add <* and delimiters to keywords. 
'T he word begin, for example, is trans¬ 
lated to begin ^ >. Use the - b option 
only on a copy of a source File — after 
conversion, the File will no longer com¬ 
pile. (You can restore the original text 
by deleting all instances of and *>.) 
I use WINWORD.MAC (Listing Four, 
page I45) in Word for Windows to con- 
ven delimited words to lx>ldface after 
inserting a listing into a document. You 
could probably whip up a similar macro 
for other word prcxressors. 


if P^.Word = Arg then 
return True; 

P <r- P^.Next; 
end; 

return False; 
end; 


Your Turn 

Next month, more algoritlims. Mean- 
wMe, send your favorite algorithms and 
tools to me in care of DDJ—software 
tools, that is. 

DDJ 

(listings begin on page 143-) 

To vote fof your Eitvorile artieJe, djicle inquiry no. 13, 
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Example 1: Pseudocode for Aigorithm 
#18 (trie search). 


Dr. Dohb'sJournal, April 1994 









































































Tools.h++ Version 6.0 
Now Intornafionalizod! 



Incfuties template and non-template clams! 
You ctjoosel 


Now also available on 
WINDOWS NT and Macintosh 


Rogue Wave's Tools .h++ 
is an ''industria] 

strength" library 
used in many 
commercial 
applications, small 
and large. All 
classes ha ve not 
been derived from 
a single root object, 
so they can be 
easily integrated 
with other class 
libraries. 


• Virtual and Buffered Page 
Heap to manage objects bigger 
than 64k. 

• All objects fuUy persistent. 


T ««ls,h+j the best selling 
industry standard C++ 
library, now includes 
Interna tionalizationt A 
complete, efficient and versatilE 
toolbox of over 100 C++ classes 
Tools. h++ wi U ma ke virtually 
any programming job easier. 
And now new Veriion 6.0 
includes: 


Inlemattonalizatian 

• Multi-byte and wide 
character strings 

• localized string collation 

• Parse and format times, dates, 
and currency in multiple locales 

• Support for m uitiple time zones 
and daylight savings rules 

• Support for localized messages 

• Localized I/O streams 

• Many locales can be active 
simultaneously 


Multi Thread safe 

• Safe for use in multi thread environments 

• Support for task specific data 


Exception 

• Comprehensive exception hierarchy 

• Exception handlers can report in 
the local language 


Comprehensive test suites are now available! 

• ToolsPro.h++ includes a complete test suite for 
all classes 


Howyoa can create one execumte 
and ship it to muftipte countries! 
ToQis.h^+ lets m read and print times, 
dates, numbers, and currency 
in the local format and language! 




PURIFY'd 


DB.I1++ 

A portable C++ 
database interface 
for RDBMS's. 

Our libraries work 
with most of the C++ 
compilers on the 
market today. 


ROGUE 

WAVE 

SOFTWARE 


Tools.h++ is a complete, 
efficient and versatile 
toolbox of over 
100 C++ classes: 


• String and Character manipulation 
classes, 

• Singly and Doubly linked lists. Stacks, 
Queues and Vectors classes. 

• Smalltalk "'-like Collection classes; 

Set, Bag, SortedCoIlectioii, Ordered 
Collection, Dictionary, Stack Queue, etc. 

• Regular Expression Class for search 
and replace. 

• Tokenizer Class for easy string parsing. 

• File Class to handle file manipulation 
with read, write, seek, erase, etc. 

• B-tree Class to handle efficient keyed 
access of disk records. 

• File Space Manager Class to allocate, 
deallocate and coalesce space within 
files. 


Tools,h++ is an excellent example 
of how to write true C++ code 
correctly. Source Code is 
included. All non-Windows 
classes are strictly portable 
between DOS and UNIX. 


Other Rogue Wave 
Libraries Include: 


View.h++ 

A complete C++ encapsulation of the 
industry standard OSF/Motif tool kit. 


LAPACK.h++and Math.h++ 

High level math libraries. 


TO ORDER CALL 1-800-487-3217 


P.O.Box 2328 • Corvallis, Oregon 97339 • 503-754-3010 • 800-487-3217 • FAX 503-757-6650 
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Scores more touchdowns for your communications 
development in C and C++ for Windows, DOS, and OS/ 




CafI Greenleaf Software today for complete information 
or to order. Major credit cards, COD, approved purchase 
orders. Same day shipment in most cases. 

( 800 ) 523-9830 

(214)248-2561 FAX: (214)248-7830 
BBS: (214)250-3778 for free demos and information. 
16479 Dallas Parkway, Suite 570, Dallas, TX 75248 



NEW! CommLIb” 5.0 


/ Enhanced suMort for MS Windows includes language 
independent DLL and message notification for commun¬ 
ication events (WM_COMMNOTlFY), 

^ Level 2 device independent functions for these drivers: 
MS Win32, MS Windows, Greenleaf Standard, Fast, Smart 
Dig!Board”, Smart Amet™, Smart Star Gate™, Sparkle™, 
BIOS, Extended BIOS, Foiled mode, MODEM Assist Plus™, 
and FOSSIL. 

/ 286 and 386 Protected Mode for Phar Lap and Rational 
Systems DOS extenders, 

/ CompuServe B-h, XMODEM, YMODEM, ZMODEM (with 
crash recovery), Kermit, ASCII file transfer protocols. 

/ Unlimited number of ports for ISA, EISA, and MCA. 

/ Modem controls, keyboard, screen, RTS /CTS, DSR/ DTK &: 
variable level XON/XOFF handshaking, and much more. 

/ Exclmive: Mix different multiport boards in a PC! 


PowerComm” 1.1 


/ PowerComm Toolkit LI for Windows 3.1 provides 
CommLib DLL and VxD. (Requires CommLib 5.0) 

/ Drives most standard multiport boards; share board 
among multiple Windows 3T and / or DOS apps. 

/ Throughput multiplier—much faster than Windows or 
other driver. The VxD is written using CommLib's fast 
assembler code in 32-bit flat model. 


□ FREE Source code—aU of it! 

□ FREE Unlimited Tech Support. 

□ FREE online help system. 

□ FREE access to Greenleaf BBS. 

□ Professional quality, same day 
shipment, personalized service. 

□ Greenleaf Gold Support also 
available—ask about it! 

□ 6D-day money-back guaranty (if 
source code not opened). 

□ Other C and C++ programming 
tools available. 


Greenleaf CommLib 5.0 NEW! $359 

Greenleaf CommLib Professional $538 

Greenleaf PowerComm 1.1 $179 

Greenleaf Comm++ 2.0 $249 

Greenleaf ViewComm 3.0 $399 
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Think Globally, Act Locally: Inside the 
Windows Instance Data Manager 

Klaus Miiller 



Introduction 

by Andrew Scbuiman 

Many programmers still Won’i do Windows/' seeing 
it as irrelevant to DOS programming. But this is unrealis¬ 
tic, liecause Windows Enhanced mode affects even soft¬ 
ware loaded he/ore Windows is loaded, including DOS 
meinor)^-resident programs O^SRs), device drivcre, and even 
DOS itself. In short, many DOS programs have no ciioice 
but tc^ Ix'come Windows-aware. 

Windows awareness is especially important Ibr ''instance 
data."" For example, load a TSR like Chris Diinford's CFD 
commanddine editor and then start Window.s Enhanced 
mode. Open two DOS boxes. Type a command in one 
DOS box, switch to the other one, and tlien press the up- 
arrow key. The cxjmmand typed in the first DOS Ik>x ap¬ 
pears in the second, as “state” leaks across! This uninten¬ 
tional interprocess communication might appear to some 
programmers as a feature, l.iuL it is more likely to strike 
users AS a bug. A DOS programmer who blows off this 
problem with a prcajd “1 don’t do Windows" had lx:Tter be 
sure that ever>^ cme of his users feels the same way. 

Now- put the statement IX;)CALTSRS=CED in tlie [Non- 
Windows App] section of SYSTEM.INI (if iPs not already 
there), and restart Windtjws. Tills Lime, eommands typed 
in one DOS box are recalled only in that DOS tx>x: they 
dcm’l leak across into tile other one. As its name implies, 
LOCALTSRS= has somehow made CED’s state "locai’ to 
each T)OS box. Exactly how this works is the subject of 
tills month's ^Undocumented Corner.” 


Rather than use CED, you can swatch to the DOSKEY 
utility tliat Microsoft includes in DOS 5 and 6. This com- 
manddine editor exhibits the same correct behavior as 
LOCAn SRS^CED, except that no LOCALI'SRS=DOSKEY 
statement is necessary. Clearly, DOSKEY is doing some- 
tliing CED isn’t. 

Unlike CED, DOSKEY intercepts INT 2Fh and kx3ks for 
calls to AX=l605h and AX=4B05h. tf it receives a call to 
either of these functions, DOSKEY declares the address 
and size of its command-line history btiffer as "instance 
data"— thiit is, as data that must lie local (rather than sh:ired) 
in each DOS box. Note that "instance data” in this context 
has nothing to do with multiple “instances” of Windows 
applications (though there are some analogies). 

INT 2Eh AX=1605h is dcxaimented in tlie Windcjws Device 
Driver Kit (DDK). This Ls a cmclal interface with wliich DOS 
programmers must be familiar. It may seem perverse tliat an 
API necessary for DOS programmers Is kxated in the Win¬ 
dows DDK, liut TNT 2Fh AX=^4B03h, documented as "Iden¬ 
tify Instance Data” in the MS-DOS Programmer's Pejerence, 
is identical (at lea.st as it relates to instance data), In fact, 
DOSKEY uses the same piece of code to handle lioth c’alLs. 
Unfortunately, the MS-IXXS^iDgmmmer's Reference indicates 
that IN’f 2Lli AX=4B0Sh is related to the relatively unused 
DOS task switcher ^ind says notliing about tlie necxl for DOS 
progmms to instance data for compatibility with the far more 
prevalent Windows Enhanced mode. 

But what does INT 2Eh AX=l605h actually do? And how 
does it relate to odier means of instancing data, such as 
the LOCALTSRS- statement (or its LOCAL= equivalent for 


T here are programmers w^ho see 
Windows not as a grapliical user 
interface, but as an operating sys¬ 
tem with preemptive multitasking 
of virtual machines (VMs). These de¬ 
velopers have to worry aboist things like 
hardware interntpt handlers that oper¬ 
ate in the context of a specific VM. 

Asynchronous access of data in a spe¬ 
cific VM is possible via the documented 
CB_High_Liriear field in the largely un¬ 
documented VM control block (VMCB) 


Klam studies mfortnalion technology at 
the Dresden University qf Technology's 
Fraunhofer Institutjbr MicroiHectronic 
Circuits LMS-2. He is cmrently dewlop- 
ing a heterogeneous m ultiprocessor sys¬ 
tem for pamllel image processing hosed 
on the TMS320C40 processor. Contact 
Klaus on CompuSen^e at 100117,2526. 


structure (see DDf January/Eebruary 
1994). The current VM Ls mapped in tlie 
first megabyte of the linear-address 
range. You can access any VM's address 
space (current or not) by adding CB_ 
Higb_Lineario its linear address. 

So fan so good. But sometimes wlien 
you want to access data in a VM, you get 
a page fault. Tills page fault is transpar¬ 
ent (applications don't see it), but it can 
lawev performance and lead to serious 
problems inside an intemipL handler. 

What's wTOng here? It turns out that 
the page faults are an integral part of 
iastance-data management in Window^s 
Enhanced mode. 

Local vs. Global Data 

Instanced data is born as global data be¬ 
fore Windows starts, bui once Windows 
starts, it becomes local for each VM, 


In general, it would be good if all 
data in a VM were local. In a genuine 
protected multitasking environment, 
global data is very dangeroLts, Consider 
an ugly TSR that crashes a DOS sys¬ 
tem. In a tally protected environment, 
the multitasking kernel nukes only the 
crashed VM. 

Window^s 3.x Hnhimced mode does 
not support this level of safety. Since 
Windows is based on DOS, Microsoft 
compromised. All memory^ allocated be¬ 
fore Window^s starts (including DOS 
TSRs, device drivers, and DOS itselO 
will lie miTTored in each VM via the 386 
paging mechanism. Thus, this memory 
is giohai, sliared by all VMs. 

There are several reasons to allow 
the presence of global data. For one 
thing, Windows rests on top of DOS, 
and some DOS data must lie global 
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(continiied from page 125) 

DOS device drivers)? Eventually diese inethods of declar¬ 
ing instance diim to Windows, plus several others, lead 
to the _AddlmtanceIlem liinction provided by the Win¬ 
dows Virtual Machine Manager (VMM), Tliis call Ls dc>c- 
umented in die Windows DDK and in the book Writing 
Windows VirtMl Device Olivers, by David Thielen and 
Biyan Woodaiff (Addison-Wesley, 1994). 

Okay, so what does _AddJmtanceUem do? What is in¬ 
stance Clara really, and how does VMM implenient it? Tlie 
Microsoft KnowledgeBase includes a surprisingly good 
explanation, “IrLstanced Data Management in Enhanced 
Mcxie Windows” (Q9079d). However, this states diat the 
internal “instance buffers ^ire not accessible to VxDs or 
TSRs; they are local data stmcturcs to be accessed by the 
VMM only.” 

In this month's “Undocuniented Cornen” Klaus Muller 
shows how to access the internal instance-data struc¬ 
tures, using a virtual device dt iver (Vxl9) loaded early in 
the Windows boot process, right after VMM. By using 
the documented Hook_Device_Sen)ice call to intercept 
the _AddhistaiiceItem function, Klaus's VxD builds up 
a picture of tlie instance-descriplion buffer. 

To further descril^e the Windows instance-data man¬ 
ager, Klaus uses another interesting methtKl: examining 
the ent>r-message strings that appear in Lite widely avail¬ 
able debug version of ^N386.EXE. Many of these error 
mes,sage.s refer to internal VMM functions whose names 
w'e otheiwise wT)uld not know; see Figure L 

C9nee the internal instance-data structures are located, 
the results must he iiHeipreled. Let's say that (as in Fig¬ 
ure 2) the virtual keybtjard device (VKD) instances 28h 
b>1:es at address 4l5h. So what? Well, these 28h bytes in¬ 
clude the BIOS keylKiirrd buffer. VIvD instimces lliis liuffer 


so that each DOS lx>x— actually, each virtual machine 
(VM), including the System VM in which Windovvs ap¬ 
plications mn—has its emn local BIOS keylx>ard buffer. 
Keys typed in a DOS box df^n’t leak into the user's copy 
of Excel or Word for Windows. 4his has a downside, too: 
It’s difficult (though not impossible) for Windows appli¬ 
cations and full-screen DOS Ixjxes to delilx*rately “push” 
keystrokes into each other. 

In previous "Undocumented Corner" columns (Jan¬ 
uary and Febmary^ 1994), Kelly Zytaaik examined the 
Window^s virtual machine control block (VMCB) and not¬ 
ed that offsets OBCh and OCCh in the VMCB refer to in¬ 
stance data. Klaus fleshes out this point. 

1 expected dial all of Klaus’s resulLs would have to be 
dirown out for Microsoft’s forthcoming Chicago operat¬ 
ing system (Windcjws 4). I low'cvei; Klaus reports that the 
instancing mechanism has not fundamentally changed 
and tiiat his programs for kx?ating tJie instairce-data struc¬ 
tures w'ork in Chicago, too. Of course, Chicago is still in 
prerelease, and anything can happen between now' and 
when it sliips. KJaus does note that VMM in Cliicago pro¬ 
vides a _GetInstance/nfo call, which reports W'hcther a 
given region is insLanced or not, Uiougii w hether lliis is 
more useful tfian the existing _ TestChbaiV86Mem is un¬ 
clear. Future articles from Klaus will sln>W' how' to locate 
device CB areas and asynclironously acces.s instance data 
wiihoLit causing a page fault. 

In addition to die usual places to download /JD/code 
(see page 3), you can get programs and source code 
mentioned in this article from the new^ Llndocumented 
Corner area in the DDJ F'orum on CompuServe (GO 
DDJ). If you have any comments or suggestions for fu¬ 
ture articles, please post messages to me there, as well; 
niy CompuSeive ID is 76320,302, 


(CO n I in n ed fnj m page 125) 

Consider the example of the DOS 
system-file tables (SFTs) W'hen SHARE 
.EXE is loaded, llie SELs present be¬ 
fore Windows started need to be vis¬ 
ible to all VMs. 

Global cLita also saves immiory. Re¬ 
member the days before 386 mem(.)ry' 
managers? A well-ecjtiipped system 
w'itli network drivers, mouse drivers, 
disk-caching prognims, and other a^.s- 
[dent software could consume 400 
Kbytes of convendtinal memory. If you 
created three VMs, you cfuickly wast¬ 
ed 1 Mbyte of memory^ 

Wasted? W^'hal about the paging 
mechanism of 386-mode W'indows 
with its ability to extend physical 
memc}ry with disk memory^? Unfortu¬ 
nately, 1’8R memoiy must often reside 
permanently In physical memory. 
Many 'I'SRs maintain a hardware in¬ 
terrupt; paging out memory' w'hich 
contains hardw^are interrupt handlers 
W'OLild cause unpredictable results. 
The intemipt-handler code w^ouid Ix' 
executed for each VM separately, so 
the best result from paging global 
TSRs would be a remarkable perfor¬ 
mance decrease. Consequently, mem¬ 
ory belonging to DOS TSRs, device 


drivers, [ind DOS itself is, by default, 
global to all VMs, and is not page- 
able. If a I’SR changes some data in 
its memory area, the change takes ef¬ 
fect in all VMs. If the LSR crashes a 
VM because of a memt)ry'-related er¬ 
ror, all VMs will be crashed^ includ¬ 
ing the System VM with all the Win¬ 
dows apps. 

Althougii the executaiile code of the 
TSRs can be the same for all VMs, the 
data mu.st lx* private for each VM. Such 
privacy is called “instancing.’" While 
diis should not be confused w ith in¬ 
stance data in Windows applications, 
it is analogous. 

Any portion of softw are loaded be¬ 
fore Window s can lx‘ instanced using 
one of several documented tech¬ 
niques, including \NJ 2Fh AX=1605h 
and the LOCAULSRS^ and LOCAL= 
statements in SYS'rEM.lNL Some ob- 
vit)us candidates for instancing are die 
in term pi-vector table and parts of the 
BIOS data area. The keylxiard buffer 
has to be instanced, as do the histo¬ 
ry buffers IxJonging to any command- 
line editors loaded before Windows. 
(Why doesn't the history l.xiffer for a 
command-line editor loaded inside 
Windows DOS liox have to be in¬ 


stanced? Answ'er: Because the mem¬ 
oiy is already kx^al) 

Instance Dato and Paging 

The memory management of Win- 
dow^s Enhanced mtxle is trased on the 
80386 paging mechanism. The small- 
esi unit of memory is one 4K page. 
Tile follow ing types of memory are 
to he found in the VM's addiess nmge 
(the page types are documented in 
die DDK): 

• Gk4ial data. Non pageable, system- 
wide data shared l>y all VMs, Chang¬ 
ing the data in one VTV1 changes the 
data in all VM.s. By default, The al¬ 
located DOS memory at Windows 
startui> is PG_SY8. Tlie memory is 
“map]ied” into each V.M. Rage type: 
RG_SYS. 

• tjocal data. Pageable, local data spe¬ 
cific for each VM. The free DOS 
memory' at Window's startup is local. 
A DOS program started in a DOS 
\ym cannot emsh < Jther VMs lx;cause 
of an enor that lx.4>ngs to its PG_VM 
metiiory'. Page type: PG_VM. 

• Lnstance data. A mixture of instanced 
and gk>bal data. Like PG_SYS pages, 
they are nonpageable. The differ- 
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ence from global (PG_SYS) memory 
is that some of the data Ls marked as 
local and handled in a specific man¬ 
ner. Page type: PG^INSTANCE. 

Though PG_rNSTANCE pages are not 
paged out to disk, PG_1NSTANCE can 
marked “not-present"; this is key to 
the instance-data mechanism. Only one 
VM at one time has a PG_INSTANCE 
page “present.'' The corresponding pages 
in the other VTVls are marked not-pre- 
,sent. If die pages were all .swapped out 
during a task switch, the global data 
would liecnme local; the pages would 
not be updated when another VM 
changed die global data. Qinversely, if 
die pages were stUl present in die other 
VMS, writing data to die instanced part 
of the pages would make them global 
lxx:aLLse all coiresponding PG__INS1ANCE 
pages have the same physical base. 

Windows saves die iasianced parts of 
PG_1NSTANCE pages in a special buffer. 
Because the paging mechanism has 4K 
granularity, a physical copy is tequired for 
any instance daui item smaller than 4K. 
An instiinced data item can be as small as 
a single byte. Many individual instance 
items tan thus decrease perlbmiance. 

The Instance-Data Manager 

'Hie instance-data manager (IDM) man¬ 
ages die instance mechanism. It is part 
of the Windows Virtual Macliine Man¬ 
ager (VMM) ;md exports die document- 
eti _Adci!ftstanceIteni service. Wliile pro 
ce.ssing _Imtan€eInitComplete, the TDM 
allocates memory via the VMM _PageAl- 
locate service for the follawlng buffers: 

• For each instance item, die instance- 
description buffer contains its linear 
address, its length, and the location 
of its data widiin the insiance buffers. 
VxDS declare instance data via the 
documented _AddlnstanceJtem ser¬ 
vice and ImtDalaSimc staicture, Tlie 
code in VMM for _Addlnstancedern 
builds a linked list of diese structures. 
At _Imtance!nitComplete, VMM dis¬ 
cards any duplicate instance-data re¬ 
quests (for example, if one VxD in¬ 
stances 2 bytes at 415h, and another 
instances 20h bytes at 400h) and 
builds the instance-description buffer 
as a sorted array of InstMapStrucs. 
During !mtance_!nit_Complete, the 
sorted list is examined. With the in¬ 
formation from the li.st of hiKtMap- 
5/mcs, the IDM builds the instance- 
description buffer as an array of 
InstanceMapStrucs. 

• The instance-snap buffer is used to 
save the instant data present at Win¬ 
dows startup time. When Windows 
exits back to DOS, the instance data 
is restored. 


jnBtsnceln'ftCorrtpieie no 'mstance M 

Tetls us thsre musr be an instance list. This is obviously a chain of linked InstOat^StrucB from 
documenied In VMMJNC, 

JnstancolnitCompiete entries not sorted ^esi > #edjf 

_Addinstanceltem sorts the entries and chains them together via the tnstUnkF and InstUnkB 
fiekte of the tnstDataStruo. 

Computed tnst_VM_Buf_Size of 0 Jostam^initComptete 
JnstanceinitGomptete must compute a /nst VM_Buf_Size. 

Allocation failure VM1 Inst_instancainitCompi9te 
Altcca^on failure Inst snap Jnstar}CetnitCQmpieie 
Allocation failure inst Oescdp_ir\star\ceinitComp^ote 

JnstancelnitComplete allocates space for the Vhfll Inst buffer, the inst snap and Inst descrip 
buffer. 

Fait grow instance desc buff MocateinstanceMapStruc 

IDM function tests the size of the Instance description buffer and, if 

needed, grows the size. 

SwapJn^anaeJPage, 0 in lnst_FageJJwner for page $ecx 
inst_PaQe_Owner Is the VM In which the PGJNSTANCE page Js marked present. 

SwapJnstanceJRageFS ERROR iNSTANCE PAGE > tOFh 
ERROR Re-entered ins^nce copy procedure 

The IDM function SwapJnstancejPa^FScQpxes the instance data in the instance buffer of the 
VM and changes the owner of the PG_iNSTANCe page. 

ERROR: instance fauit on suspended VM ffEBX 
A suspended VM cannot own a Instanced page. 

instance fault on page with 0 tMTJnst_Map_Size 

The /n£f_Pag^e_Owrrer will change after a page fault on a instance page is detected. The JDM 
determines the new owner VM and saves the instanced data of the old owner via 
Swap_tnstance_Pag 0 . 

^Addinstanceftem failed InstDataStruc @#EDl CreateJnt2FJnst_ Table 
The internal routine that processes the InstDataStruc chain from INT 2Fh AX=l§05h is called 
Create^ int2F__lnst_ Tabte. 


Figure I: Some imtmice-related error messages from the debug WfN3S6.EXE. 


C: \DDJ\lNST>idBtVHlk 

VS6 API from Lifltl]iflt.3e&: Result of jLddlui stance Item Hook. 

SuTJunary of allocation calls to the 

Instance Data Manager. 

Name of VslD 

InstLinAddr 

InstEize 

VXD : Sys_Critical_Init_Proc 

0X00000A15 

0x00000028 

VKD : SyB_Critical_Init_Pi:oc 

0x00000471 

0x00000001 

WIJ : Sys_Gtltical_Init_Froc 

0x00000480 

0x00000004 

VKD I Sys,Critieal ,lnit..Proc 

0x00000496 

0X0000000B 

VMM: Jtllocate_Global_Ve6J)ata_Area 

0X0002S07G 

0x00000374 

¥86MMGa : UnknciiVn^Service 

0x00028416 

0x00000006 

VTD t Device..Iiiit_Proc 

0X0002S4C0 

0x00000008 

VDD : Device.Init_Proc 

0x00000449 

0X0000001E 

YDD : Device..Init_Proc 

0x00000484 

0x00000007 

VDD : Device-Init_Proe 

0K000004Ae 

0x00000004 

VDD : Device-Indt-Proc 

0x00000410 

0x00000002 

VCD : Device, Init.Proc 

0x00000400 

0x00000008 

VCD ; Devlce_Inlt_Proc 

0X0000047C 

0x00000004 

DOEMGR : Devlce_Iiiit ^Proc 

0x00000413 

0x00000002 

DOSHGR :IGROUP 

0x00000504 

0X00000001 

DOEMGR :IGROUP 

0X00000000 

0x00000400 

DOEMGR !IGROUP 

0x00001550 

0x0000001A 

DOSHGR :IGROUP 

0x0000156A 

0x00000772 

VMM: _Al1 q cate _Glob al_VS& _ DatH_Area 

0x0002B6B4 

0x00000256 

DOSHGR :IGROUP 

0x00003CE0 

0x00000004 

DOEMGR :IGROUP 

0x00001342 

0x00000002 

DOEMGR :IGROUP 

0x00004830 

0X000008F0 

DOEMGR ; Device...Init,,Proc 

0X00027FD0 

0x00000010 

DOEMGR: Instance-Device 

0x00001278 

0x00000004 

DOEMGR: Instance.Device 

0x0001EEG2 

0x00000004 

DOEMGR: InstanceJ)evice 

0x0003e3F0 

0x00000004 

VMM:Create_Tnt _2H_Inst-Tbl:D0SKEY 

0x00017D30 

0x00000288 

VKM:Create.Int„2F lnflt.'rbl:DOSKEY 

0x00018C53 

0x00000200 

VJfM:Create-Int-2F-Inst-Tbl:M0USE 

0x00012158 

0x00000889 

VKH:Greate_Int^2F-InHt^TbliHOUSE 

0x00012AD7 

0x0000010A 

VKM:Create_Int.2F-rnEt-Tbl:VLM 

0X0000DD60 

0x00000010 

VMH:Create_Int-2F_Inst_Tbl:SYS DRV 

0x00000500 

0x00000002 

VMM: Create..Int„2F.InBt.Tbl: SYS DRV 

0X0000050E 

0x00000014 

VMM:Create-Int-2F-Inst-Tbl:SYS DRV 

0X0000070C 

0X00000001 

VMM:Greate_Int_2F-Inst-Tbl:SYS DRV 

0x00005140 

0x00000002 

VMM:Create.Int,2F, Inat-Tbl:SYS DRV 

0x000053B0 

0X000004C8 

VMH:Greate-Int_2F-Inst-Tbl:EYS DRV 

0x00001252 

0X00000002 

VMM:Greate.Int_2F.Inst-Tbl:SYS DRV 

0x00001262 

0x00000004 

VMH:Create-Int-2F-InBt-Tbl:SYS DRV 

0x00001429 

0x00000106 

VMH:Create_Int_2F-InBt-TbltSYS DRV 

0x00001530 

0X00000001 

VMM:Create,Int.2F.Inat..Tbl:SYS DRV 

0x000021F0 

0x00000022 

VMM:Create-Iiit_2F-Inst-Tbl:EYS DRV 

0x000012B9 

0X00000001 

VMM: Create_Int.2F_Iiist-Tbl: SYS DRV 

0x000012BC 

0x00000002 


Figure 2: Sample outjnitfrom fNSTVCALK. 
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• The VMl instance buffer initially con- 
taias a copy of tlie data in the iastance- 
snap buffer. 

When a new VM is created, it also gets 
a VM instance buffer, which contains 
all instanced dato for the VM when the 
PG_fNSlXNCE pages are set nQt-]>resent. 
ITie offset and liandie of tlie VM instance 
buffer c^m be found at offseLs OBCh and 
0C4h in the VMCB. In Cliiaigo, the VM 
instance buffers (including the VMl 
buffer) are part of the VMCB and are al¬ 
located via the _AUocate_Device_CB_ 
Area service. (In a future article, HI de¬ 
scribe a VxD that hooks this call to help 
enumerate these CB areas.) 


_ImianceIniiComplete is an internal 
VMM function. While working with the 
debug veision of W[[M 386 .EXE 5 I found 
some very informative cnor mess^iges tliat 
include references to this internal func¬ 
tion; see Figure 1. A great deal can l:)e 
learned about the internals cjf the IDM 
simply examining diese error messages 
and pondering wliat the IDM must re- 
quiie for nomial, error-free opeiation. To 
verif^'^ the interpretation of llie error mes¬ 
sages in Figure 1, it is useful to inspect 
die code of the IDM. Since the error n^^s- 
sages are issued via Oiit_Debi{g_Stnng 
with the string offset in ESI, it is easy to 
locate die desired code diat would issue 
this message if something went wrong. 


From there, it Is easy to work backw^ards 
to the code's nomial operation. 

To illustrate tiie handling of die PG_ 
INSTANCE pages, assume diat diey are 
currently owned by the System VM 
(SYSVM, or VMl). Wlicn a second VM is 
created, die VMM liegins to schedule die 
VMS accTJtding to tlieir priority. If tlie VMM 
schedules from SYSVM to VM2, the 
PG_1N,^AN(]E pages in VMl aie stlU pre¬ 
sent, and the corresponding ptiges in VM2 
are not. If any code in VM2 accesses the 

There are several 
reasons to allow 
the presence of 
global data 

PG_INSrANCH pages (via die linear ad¬ 
dress), a page fault occurs. The IDM 
copies the SYSVM s instanced data to 
SYSVM s instance buffer iind sets the fault¬ 
ing PG_1NSTANCE page of the SY5\M as 
not present. Then the IDM sets the cor¬ 
responding PG_1NSTANCE of \TV1 2 pre¬ 
sent and copies tlie instanced data fiom 
rlie instance liuffer of VM2 to the page. 
This instancing mechanism is not 
complicated. But Microsoft has added 
an important twist for performance rea¬ 
sons: Tile pliysical copy of die instance 
data to the instance buffers cxeurs only 
if the pages are written (but not rtntd) 
by a VM other dian die one which owns 
tile PG_fNSTANCE pages, llecause diey 
are set not-present for die VM, a page 
fauEt occurs and the copy starts. Now 
w'e can understand why Micrasoft has 
stated that “fragmented and large in¬ 
stance areas decrease the perlbrmance 
of the swapping nieduinism,” 

In summary, for write accessi VMM will: 
1, Copy instance data from the PG_IN- 
S'l ANGE page physical biLse of die for¬ 
mer owmer to the VM's instance buffer; 
and 2 , copy instince data from die in¬ 
stance buffer of tJie owner to the PG_IN- 
STANCE page physical base. For read 
access VMM will copy instance data from 
[he instance buf fer of lire new' owner to 
the PG_lNSTANCli page physical txi.se. 

Spying on Instance Data 

For a deeper Lindersttmding of the in¬ 
stancing, it is u.seful to wTite a program 
that displays the address and size of all 
instance data and the name of the pro¬ 
gram w liich asked for the data to be in- 
stanccxl. L1STINST,386 (,see Usting One, 
page 146) is a VxD 1 wrote that initial¬ 
izes shortly after the VMM, l.iefore odier 
VxDS gain control, and hooks tfie VMM 
_AddInstance/tem service at Sys_Criti- 


COMPUriR 


LANGUAGE 

E^smn 



(^-Vision 


Four Great C Tools in 
One Coordinated Package 

• C-Xref for cross referencing 

• C-Tree for function call analysis 

• C-Lines for outlined listings 

• C-Fonnat to refomiat C programs 


Cross-Reference 


symbcLs: 

# - a syrttoi, function, or nmero Is declared 
? - H function Is declared by being used 
& - syirix3l*s address is taken: &abc 
= ' symbot takes on a ney value: i-1; or i++; 
u - macro undefined: iPmdef COUNT 


cosCdoublel, returns double 
trigi!,c 3# 

PI, macro: 3.14159Z65359 

tn'g.h 1# 

trigl.c 16 

trig2.c 5 

sinCdoubLe), returns double 
trig.h 
trigl.c 
trig2.c 


10 


17 


Eight Hemons to Chmse C^Vision 

1. B ui 1 1 w iih 3 K6 DOS ex lender 
lechnoliTgy for high speed iind 
so you won’t run out of space, 

2. Intelligent cmss-neferenclng — 
ciiii distinguish between decla- 
miion.s, uses mid nuKJi heat ions 
of viiriables 

3. Iniclligcsil liilKling of irccs and 
cross-references provides Ihe 
types tind prololypes of vim- 
ahie.s and (unctions 

4. Cntss-referunce inhimialitin can 
be dumped to disk as ASCII 
files and manipulaied dinccily 

3, Uses the same syntax engine as 
the lh<>rDughly lested PC-1 ini 

6. Pnijeul 11 le eomptUible with 
PC-Irni 

7. Numemus opiions for cas- 
toniization of output 

8. "Stunningly hulletpmoff 

Compitler Sept -1992 


Hierarchy Tree 


sln_UdkHjbLe>, retur 
trfgl,c 

tanCdouble), returns 
trigZ.c 


1: tantdcfuble), returns double, trigl.c 3 fl 
3; ^>-costdouble}, returns double, trigZ.c S 3 
3: ^>-3in(double), returns double, trfgl.c 3 12 [self] 

4: ^-sin^Hdoubte), returns double, trigl.c 3 3 [self] 


macro: 3.14159265359, tng.h a 1 


trigl.c 


#include “tn'g.h" 


3 p static double sin_lC double k ) 


4 

5 

6 

7 i- 


9 - 
10 
11 
12 

13 

14 
IX 


double y; 

rf( 27.0 - 4 * K * X == 27,0 ) 
t return x; > 
y = stf!_1f x/3.0 ); 
return y * C3 - 4 * y * y); 


^ } 

P double sinC double x ) 
t 

p if< X < 0 } 

^— r r^t4jpn 1 


'^oinrw 

3207 Hogarth Lane, Cnilcgcvillc. FA 19426 

CALL TODAY (215) 584-4261 
Or FAX (215)584-4266 

Only $139 

Specify MS-DOS or OS/2 
30 Day Money-back Guarantee. 

HA add 6% sales lax. 

C-Viskm is a tradcmufk uf Juhji Rex and Gimpcl Software, 
PC-liiil is A of Gimpel Sol'Eware. 
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cal_htU time. INSTWALK is a DOS pro¬ 
gram that displays the infomiation saved 
by LISTINST.386. 

Two other required VxDs are VXD- 
QIJEKY3B6 and (to examine instance 
daLi in Cliicago) LISTCAJT,386. All tliree 
VxDS are loaded automatically if you 
run the DOS program VXDLOAD.EXE 
just before starting Windows. (VXD- 
I,OAO uses the versatile INT 2Fh AX= 
l605h interlace to tell Windows to load 
the VxDS.) While there isn’t room to 
show all of the source code, the pro¬ 
grams are available electronically (see 
“Availability,"’ page 3). 

For eacii call to _AddInsta7iceItem, 
TJ8TTNST stores the address of the caller 
and the offset of the passed* in IrislDaia- 
Stmc. (IliLs structure is documented in 
VMMJNC and I|sn'2FAPflNC, included 
with the DDK and with VxD-ljteJ 
LISTINST has a V86 API which allows 
DOS programs running in a VM to get 
the results of the _AddlmianceIiem 
hook. INSIWALK uses tliis V86 API and 
prints out all instanced data. 

Sample output is .shown in Figure 2. 
To clarify what this cxitput means, Fig¬ 
ure 3 shows a hex dump (using the 
PROTDUMP utility discussed in the “Un- 
d(x:ufnented Comer,” January and Febru¬ 
ary 1994) of one of the instance data 
items declared by DOSKEY; clearly, tliis 
instance data is the DOSKKY-command 
history buffer By specifying a VM num¬ 
ber c}n die command line, PR(3TOIJMP 
can view diis buffer in each VM; see #1 
and #2 in Figure 3- The ownership and 
purpose of the buffer is identical for all 
VMS, hut the data (here, the eommand 
history.) differs in eacli VM. Tliis is pre¬ 
cisely what instance data mean.s. 

The HsTSTWALK utility has a -p switch 
to dump out the instance page-owner¬ 
ship array (an internal IDM structure 
which lists all PG_INSTANCE pages and 
their current owners) and the instance- 
description buffer in raw form. Because 
thi.s structure is not accessible, I built 
my own array. Remember, only one VM 
at a Lime can own a PG_INSTANCE 
page. So you have only to walk down 
the VM's page tables to determine the 
VM in wtiieh die PG_1NSTANCE page 
is set present; see LISTINST386 for de¬ 
tails, This is similar to output hom the 
,mi command available in debuggers 
such as WDER386 and Soft-fCE/Win- 
dows when the debug W1N386,EXE is 
installed. INSTWALK —p also dumps out 
the offsets in the instance buffers, which 
is important if you want to access the 
data in the instance buffers. 

LISTINST 386 gets the names of the 
callers to _Addlnstanc^ltem via a service 
provided by VXD QUERY.386, which 
provides a complete map of the VMM 
and VxD address space. VXD QUERY 


C:\BDJ\lNST>inatwalk 1 grep DOSKEY 

VMM :CreatB^lnt_ZF,InBt.m: DOSKEY BxMOUMO 0x00000288 

VHH:Create_Int_2F_IftSt_rfal:DQSKEY 0x00010053 0x00000200 

C:\DDJ\TH8T>\ddj\protdmiip\protdiiiiip fr2 I8c53 200 
00018C53 ; 45 m 63 3A 50 65 70 73 5C 65 70 73 69 6C 6F 6E 

00018063 I 2% 65 78 65 20 24 2A 00 69 6E 73 74 77 61 6C 6B 

00018C73 [ 20 3E 20 69 6E 73 74 77 61 60 6B 2E 60 6F 67 00 

00018083 1 67 72 65 70 20 44 4F 53 4B 45 59 20 69 6E 73 74 

00018093 I 77 61 60 6B 2E 60 6F 67 00 5G 64 64 6A 5C 70 72 

0001BGA3 6F 74 6^ 75 6D 70 5C 70 72 6F 74 64 75 6D 70 20 

0001SCB3 I 31 38 63 35 33 20 32 30 30 00 5C 64 64 6A 50 70 

,. . etc, ... 

C ADDJ\lWST>\ddj\protdump\protdiiinp #1 iec53 200 
83016053 1 4S 00 63 3A 50 65 70 73 5C 55 70 73 69 60 6F 6E | 

8301SC63 I 2E 65 78 65 20 24 2h m 63 64 20 74 51 70 53 69 1 .exe 8*.cd tape! 

83018073 1 73 00 74 61 70 63 69 73 00 63. 64 50 70 72 6F 63 1 S .tapcie ,cd\pr6c 

83018083 j 6F 6D 6D 00 70 63 70 60 75 73 00 63 64 50 74 61 1 omm.pcplus.cdXta 

S3018C93 70 63 69 73 00 74 61 70 53 59 73 00 67 72 65 70 | pcifi.tapcia .grep 

S3fll8CA3 1 20 4E 46 5F 20 50 62 67 72 60 61 6E 64 63 50 69 1 NF_ \borlandc\i 

830iaCB3 I 6E 63 60 75 64 65 50 74 6F 6F 60 68 65 60 70 2E | ncl^de\tOOlhelp . 

8301SCC3 1 66 00 65 78 69 74 00 63 .64 50 69 6E 73 74 00 63 1 h. exit, ed\in^t.C 

.., etc. ... 


E.ci\epa\epfiilon 
.exe $*.lnEtvalk 
> ltB3twalk.lo|, 
grep D08EEY ingt 
walk, log, \ddj\pr 
ot duiip\p rot dump 
iac53 200.\ddiAe 


Figure 3: Examining DOSKEY s instance data. 
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VNR KNOWS 


FOR A LIST OF THE 


BEST NEW BOOKS IN 


SOFTWARE TESTING 


115 Fifth Avenue New Yerlt, NY lOflO^ 


Call VNR at 
1 - 800 - 544-0550 


For ease and 
coitvenience., 
these and other 
VNR hooks may 
Tujw lye ordered 
udFfree by calling 
I-H00~S44-0S5Q 
(DepL Z iSH6} 
Or GO VNR on 
the CompuServe^ 
NetM^ork. 


SOFTWARE 

ENGINEERING 

Jl^hy do breakthroughs on one 
software project not yield similiar 
results on anotherF Why dtfes soft¬ 
ware obey its own undisclosed Irms? 
Finally these questions fsre answered 
in a hocfk which gives you the tofds 
to anlicipntej amid and correct 
defects when engineering software. 
SYSTEMS, SOFTWARE AND 
QUAUn ENCfNEERlNC by 
Arthur E. Ferdinand ($59.95 
0-442-0! 730-8) 


^henever you dcmlop software, 
it is essential that it is documented 
and reproducible at etyery stage of 
its development. CONFIGURATION 
MANAGEMENT FOR SOFl'WARE 
by Stephen R- Compton and Guy 
Connor ($39.95 0-442-01746-4 ) 
offers clear and simple pemedures 
for fiocunieruing everything you 
do, every step of the jvay. ft may 
ruM sound importarii unt il you 
exi)erience the alternative. 
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Innovative Developer's Tools! 


TE Developer's Kit 


Incorporate text editing features 
ifito yoiir application easily and cost 
effectively. Features: multiple files/ 
windows, word-wrap, edits large files, undo, 
cut/paste, printing, and search/replace. The 
word processing features include bold, 
underline, and itafk styles. Paragraph 
features: indentation, double spacing, 
centering, and justification. The Windows 
and 0S2 versions also offers Wysiwyg, 
multiple fonts and point sizes, imbedded 
pictures, and many more character styles. 

Additional features for the 
Windows version: ruler, tab stops, 
pagination, RTF support, DLL and custom 
control interface, hanging indents, and more. 
Includes the complete V source code. fDQS: 
$2B9. Windows: mS. QS2-PM: $379} 


ReportEase 

Report Write/Mail Merge Engine 


ReportEase consists of a report layout 
editor and a report executer. Advanced 
featufes include: multiple files, multiple sorts: 
data, calculation, system, and dialog fields; 
hold, underline, italic formats; subtotals, 
record filter, functions, word wrapping and 
more. Simple interface works with any 
application. Includes the V source code. 
(DOS: $349 Windows: $373} 

Also available ReportEase Plus for 
Windows featuring a graphic form editor 
with linefbex drawing, celorsfshades, 
print preview, etc. ($419) 


Spell Time 


Spell Time consists of a dictionary 
lover 1D0K words) and the routines to access 
the dictionary. It also includes an application 
specific dictionarv, and a user dictionary. The 
routine will suggest alternatives for a 
misspelled word. Highly optimized: 400 to 
500 words/sec on a 33 Mhz 3S6 computer. 
An interface with TE included. Includes the 
complete 'C source code. Specify DOS, 
Windows or 0S2 FM, ($389} 


ChartPro 


This Windows' DLL draws bar, pie, 
line, area, xyz point chart and hilo presenta¬ 
tion graphs in unlimited styles. The output 
can be sent to a window, printer nr a 
bitmap. Features 3d rotation and dialog 
boxes to edit chart parameters. Includes the 
'C' source code. ($379}. 

Sub Systems, Inc. 
1 - 800 - 447-6819 

Fax: 1-617-438-0311 

159 Main SliMt. UMl, Stoncham. MA 02180. (6I7>43&-K9Ql 


UNDOCUMENTED CORNER 


can name all known VxD services by 
name and address, smrt and end of VxD 
objeas and, particularly important for 
this aitfcle, all VxD Control procedures. 
Even debuggers such as WDHB386 don’t 
provide as complete a map as VXD- 
QLIERY. Since VXDQLIERY is a com¬ 
mercial program of mine, source code 
is not provided; however, Vm making a 
special version available electronically 
for DIJ} readers; see page 3- 

To use VXDQLIERY, anodier VxD sim¬ 
ply loads an address into tlie EDI regis¬ 
ter and calls VxdQuefy_AMress_To_ 
VxD_Name. The service returns the 
name of the VxD plus tlie closest known 
procedure dial precedes the specified 
address. If you want to spy on the us¬ 
age of a VxD call, as I did widi _Add- 
Imtancehem, write a VxD that uses the 
documented VMM ftmction Hook_De- 
vice_Senfice to intercept the service at 
SysjCMHcaLhiitim^, ;md cr^tea die ad¬ 
dress of the callers plus any related pa¬ 
rameters. You may need to initialize right 
after VXDQUERY. During hiit_Complete 
or later, you can call VXDQLJERY to 
translate your atklressc’s into VxD names. 
Finally, your VxD should ex|x>rt a V86 
or PM API to make your results public 
to the non-52-bit world (tliat is, to a pm- 
gram similar to INSI'WALK). 

Figure 2 (from IJST'WALK) shows all 
instanced data with their linear ad¬ 
dresses. At Sy^_Critia4i_lnU lime, for ex¬ 
ample, VKD instances 28h bytes at 415h, 
one l>yte at 471 li, 4 liyies ai 4B0h, and 
OBli I'jytes at 496h. To make any sense 
of these numbers, you need to consult 
a reference tJiat de.scrtlies standard PC 
absolute-memory locations. A good 
source is the file MEMORY.LST includ¬ 
ed witli Ralf Brown's “Intemipt List” (see 
IBMPRO library 5 on CompuServe); an¬ 
other source is l^idocKmet^deci PC'hy 
Frank van Chlluwe (Addison-Wesley, 
1994). In the VKD example, the 28h 
bytes at 4JSh include the keyboard 
buffer and head and tail pointer, 471 li 
is tlie Ctrl-Break flag, 48{)h ptiints to die 
kcytxiard bLiffer, and 496h includes kc^- 
Ixiard-statiLs bytes. It makes sense that 
VKD wants to instance these porrions 
of the BIOS data area. 

Of particular interest are tine final calLs 
to _AddinstariceIlem in Figure 2. VMM 
made them from an internal routine 
called Creafe_Inf_2F_Imt_TabIei Figure 
1 explains where this mime comes from. 
This is the VMM code that processes 
the Win3S6_Staniip_fnfo_Sfruc chain 
passed back from INT 2Fh AX=l605h; 
tills docuTTXfnted structure includes an 
SIS_Imtance_Data_Ptj' field listing items 
that software loaded before Windows 
(such as DOSKEY) wants instanced. 

VXDLOAD.EXE detennines die names 
of TSRs which supply a Win386_Sl5. 


LISTrNST386 gets a pointer to the list of 
all SISs on entry in the Sys_Criticai_Imt 
procedure in EDX, because VXDLOAD 
fills the Wm386_SIS for USTINST.386 
with a pointer to its reference data. 

VMM first lets all virtual devices in¬ 
stance their data and then calls Create_ 
lnt_2F_Inst_Tabie to convert the in¬ 
stance structures provided by DOS TSRs 
via dieir Win386_SISlo the VMM (IDM) 
instance structures. The result is a dou¬ 
bly linked list of instance-data structures. 
You can walk the chain during init_ 
Complete with the InstLinkF and Inst- 
lini^ pointers. After the linked list is 
complete, the instance-description buffer 
will be initialized w ith the data from the 
linked list. FinaEy, tlie so-called ’'snap¬ 
shot” is taken in order to save die .start¬ 
up-time values of the instanced data in 
the instance snap buffer. If a new VM 
is created, the IDM creates a VMj^ in¬ 
stance buffer (where x is the VM ID) 
and copies the contents of the instance 
snapshot buffer Into it. 

There is one problem with tliis tech¬ 
nique of hoc^king _AddInsianceIiem to 
build up a picture of the iastance de¬ 
scription buffer As noted, LlS'nNST.3B6 
htxiks _AtidJmtmice!tem as early as pos- 
.sible: at Sys_Cntic€il_!nit Xini^, right af¬ 
ter VMM, and liefore other VxDs. Unfor¬ 
tunately, this is tcxi late to intercept the 
_A£idlmtanceUem c:dls that VMM makes 
to support the LOCALTSRS= statement. 
However, LISTEN ST is still able to find 
the.se instance items by following the 
doubly linked list of ImiDataStmc^. 
VMM will instance the entire program, 
excepting its environment segment. 

It would also be useful to determine 
the ownership of the PG_INSTANCE 
pages. Again, only one VM at a time 
can own a PG_rNSTANCE page. 
L1ST1NST.3H6 provides the array to 
LIS'WALK. Type LISTWALK -p to 
dump the instance page-ownership ar¬ 
ray and the instance-desaiption buffer. 
Tine output is more interesting if, im¬ 
mediately after INSl’WALK starts, you 
switch to another session or compile 
something in the background. In this 
case, the instance pages are owmed by 
different VMs. 

Not Just Spying 

Wliat can you do with this information? 
In addition to a lx:tter understanding of 
how instance data works and what sorts 
of cLita must be instanced, the infomia- 
tion presented here might lead to some 
intere.sting techniques for accessing in¬ 
stance data widiout causing page faults. 
This will be taken up in a future article, 

DDJ 

(Listing begins on page 146.) 

To vote for your favorite anlde, circle iiaquiry no. 14. 
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Indexes of 

Dr. Dobb’s 

JOURNAL 

1982-1993 


• Cumulative Subject and 
Author Indexes covering the 
years 1982 through 1993, 
bound in ONE volume, 

• An 8"xl 1 paperback with 
136 pages and 9300 entries. 

• Detailed coverage of all 
editorial material, including 
reviews, letters, tables, 
sidebars, bug reports, 
corrections, etc. 

• Find that article, program, 
product review, algorithm, or 
routine (by language or type} 
in seconds, or follow the 
threads of a technical 
conversation. 

• Hypertext version available 
onJ.SUisk (DOSX 

BOOK: $21.95 ppd 
(Canada $22.85 US.) 

DISK: $14.95 ppd 
(Canada $15.70 US.) 
VISA/MC 

PjmdotiS pun:basen of Ibe diskt^e 
version nmy purchase the latest edition 
for S! (100 fCanada $10MSa.SJ. 


^^oice/Fax: 

804 - 977-7015 


Stephen Bach 
1411 A Short 18th Street 
Charlottesville, VA 22902-5402 

Please specify 5“ or i" when ordering. Few dipping paper¬ 
back ediEion via firvE class mail add 11.75 
tCar^ada 12.00 U5,l 



Q Look Into 
j Clear Advantages 
Oe Using SELECT OUT 

Enhances Software Design 

SELECT OMT puts your software design into clear focus. This profasionaJ 
Windows-based design tool uses a powerful object oriented technique, 
Rumbaugh's OMT, to capture the essence of your software design on screen. 
Based on this well-defined and easy-to-understand method, SELECT OMT 
enables you to gmphically portray the class structures and relationships, the 
system states, and the functional structure of your entire system. The three 
model viewpoints—Object, Dy^namic, and Functional—make your designs 
easy to read, validate and improve. 

Provides A Detailed Blueprint 

Just as a blueprint enables a builder to validate the stnictural integrity 
of a house before pounding the first nail, SELECT OMT enables 
you to produce and validate a "software blueprint" of your design 
before writing a line of code. This blueprint will help prevent system 
errors, ensure commonality between project members, and facilitate 
maintenance, SELECT OMT goes beyond a mditionaJ builder's 
blueprint, translating your design directly into C’*'^ framework code, 
suitable for any compiler—saving you hours of valuable time. 

Sharpens Your Image 

SELECT OMT improves your ability ro present your 
design to management and end users by producing high 
quality documentation and a graphical representation of 
your idea. SELECT OMT utilizes your existing sofewm 
investment by integrating with IDEs like Borland's and 
Microsoft's, impressing financial management too. 
SELECT Call 800-577-6633 to learn 




about SELECT OMTs 
other advantages^ 
including its price. 


Select Software Tools 

1526 Braokhollow, Ste. H Santa Ana, CA 92705 ( 714) 957-6633 

E[i^44.242-’afrS53; Bnidin M.52?0-I66n^ 

FrwK S*irFcrl30d4l-l74lMltlS; Utjtl 
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I 

Client/server 


with a 


VISUALn 


The ProloBeii+ 
Ciient/Server 
Suite. Visual 
toels that 
harness the 
power and 
productivity of 
C and C+*. 


advantage 


$Ql, Kbase. 
ExcelJS/2 


Visyal 

Database 

Access 


Forms 

BullOtiig 


Report 

WritiPB 


Application 

Management 


Code 

Generation 


t IV1FO.OWL, 
Pascal 




• PnHoGcn-i- Cfienl/Svner 
Suite in a aimpkle visual develofh 
meni emirunmenl IM features 
multiple database access aud 
iiualliy cade generaliom 


No pain, no gain. 

Thais whal most client/serv- 
er tool vendors would like 
>011 lo believe. Because 
their dGL and Interpreted 
language tools force you lo 
learn piopriclary languages 
and lock you Into limited 
environments. 

The ProloGen+ 
Clienl/Server Suite however, 
harnesses the power and 
robustness of C and C++, 
llie world's most popular 
development languages. 

So VVtndow.s developers— 
and former mainframe pro¬ 
grammers learning 
Windows—can build mis¬ 
sion-critical clienl/scrv'cr 
applications with easy-to- 
use visual tools. 




I Entetprfse Data Access j 





Datab ase ewsr 


applications 
buili with the 
FrotoGen-i- 
Ciml/Serv^cr 
Suite dciiver 
direct ^rapbicat 
access to 
enterprise SQL 
databases. 



• Ttie i^toGeu-t fMent/Smvr Suite provides a tm ertut wurkl>envh ihai teis 
you use puiuGand-vtiek imds to avMcve the aac'f look and fed you want. 


This visual, integrated 
besl-of-breed toolset deliv¬ 
ers unprcecdenlcd speed 
and productivity in an open 
architecture. Including data¬ 
base access. Forms building. 
Keport writing. Application 
management. And quality 
code generation in C, MFC, 
OWL and Pascal. 

Over 100,000 develop¬ 
ers use ProtoView visual 
tools, including Delta. 

Merrill Lynch. AT&T and 
Conrail. for the mission- 
critical applications they 


need In today’s complex 
clienl/serv'er environments. 

So unless you enjoy 
4GI. pain, get the Visual 
Development Edge. You have 
everything lo gain. 

Call today for your 
tree Informatloo Kit. 

1 - 800 - 231-8588 

Ext. 10 



Thr Visual Deieluiinrnl Edge” 


Fax: (!)08) 329-862t OuLsidc the U.S.. call (908) 32g-8i)88 
All iinKliicIs named are Irademarksof their respective companies. 619941’ruaView Developitienl 
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PROGRAMMER'S BOOKSHELF 

A Clear Look Through Bleary Eyes at 
Two Books on Algorithms 

Tom Ochs 



Algorithm: A set of umll-defmed ndes for 
the solution of a problem in a finite num¬ 
ber of steps. 

B ooks on algoritlims are important 
tools fov die professional software 
developer Hewevei; xis can be seen 
from the definition, the breadth of 
issues covered under the heading of ah 
gorithins can make the selection of the 
proper hook difficult. Topics can cover 
numerical applications, business appli¬ 
cations, data structures, searching, sort¬ 
ing, optimization, and many others. 
Some generic characteristics seen in al- 
goritlim-related books (ARBs) include^ 
How algorithms are designed, why a 
particular algorithm is chosen, what 
measures are used to assess algorithm 
effectiveness, constructicDn considera¬ 
tions, instances of die algorithnas, ap¬ 
plication ejcamples, lest cases, reliability 
issues, comparisons with other algo¬ 
rithms, and data-stnicture dependence. 
ARBs also have an associated level of 
difficult>^ diat can mnge from introduc¬ 
tory dirough intermediate and advanced, 
to specialized-advanced (where you, the 
author, and three others in the world 
are interested in the topic). The lone 
can vary from practical to academic, and 
the presentation, from well written to 
just plain poor quality. 

Clearly, the selection of a book on 
algorithms is siiuationaf depending on 
your needs of the moment. A lot of 
books are collecdng dust on my book¬ 
shelves because their characteristics 
don't meet my current needs. We 
should take the opportunity to use our 
analytical skills to determine our needs 
and then compare those needs to the 
charactenstics of the available books. 
Tills can help make our investments in 


Tom is a comultani specializing in the 
integraiion of modem software-devel¬ 
opment methc/ds mto technical organi¬ 
zations. He bos over 15years e:)perience 
as a research scientist, has written a 
com mercial numerical package, mid is 
a registered mechanical e^jghieer living 
in Albany, Oregon. Tom can be con¬ 
tacted on CompuServe at 70511,652. 
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Programming 

Classics: 

Implementing the 
World's Best 
Algorithms 


Ia n Olii^ r 

Prendce Hall, 1993. 386 pp. $38.00 
ISBN 0-13-100413-1 


Algorithms from P 
to NP, Volume I: 
Design and 
Efficiency 


BMM. Moret and HJl. Shapim 
BenjamiiVCummings Publishing, 

1991, 576 pp. $41.95 
ISBN 0-B053-8008-6 



dme and money work for us. To sup¬ 
plement your needs assessment, here 
is my analysis of two relatively new 
books. Like movie critics who rate films 
from one to four stars, I will use a n 
rating, with 7i being a book that has lit¬ 
tle to offer, nn being a book with 
marginal impact, tijctt having signifi¬ 
cant contribution, and JCTtJCTt being a 
book that must reside on the serious 
developer's shelf, 


Programming CJossfcs 

Any bcx)k that purports to be '‘detailing 
the best algorithms ever devised for a 
wide nmge of practical problems..." has 
a huge challenge ahead of it just to live 
up to the propaganda on the jacket. Un¬ 
fortunately, Programming Classics: Im- 
plemmttingtbe World's Best Algorithms, 
by Ian Oliver, falls far short of the hype. 
Even though it does cover a wide se- 
lecdon of applications, the coverage is 
spotty, sometimes shallow, and gener¬ 
ally incomplete. In trying to limit the 
complexity of the presentation, Oliver 
has also limited its usefulness. On nu¬ 
merous occasions he resorts to hand 
waving sudi as: .is beyond tlie scope 
of this book..“We will not analyze in 
detail.. “Do not use this algorithm un¬ 
less you know what you are doing," and 
“Given the tnathemadcal sophistication 


needed for dealing witli eigenvalues, no 
discussion of the reasons why the al- 
goritiim wcxks will l^e given." Oliver has 
mistakenly tried to keep the presenta¬ 
tion at an introductory level while in¬ 
troducing intermediate-level algorithnis 
and concepts. 

Hie lack of detailed discussion on the 
tlieory of operation of many of these al¬ 
gorithms leaves you to accept Oiiver’s 
choice for tlie implementation based on 
faith alone. If you have to modify, de¬ 
bug, or optimize tlie lunctions, the pre¬ 
sentation in this hook is generally 
inadequate. 7'he inconsistency in the 
amount of detail is illustrated by the ad¬ 
equate coverage of sorting methods, in¬ 
cluding performance comparisons and 
application-specific suggestions, while 
the section on arithmetic is devoid of 
explanation. 

In the poorly explained section on 
arithmetic, rational methods are intro¬ 
duced and a warning is given: 

"...the methods will fail when integer 
overflow occurs. For certain practical ap¬ 
plications it will be nec’cssaiy to imple¬ 
ment the algoritlims in multiple precision 
arithmetic. The algorithms for multiple 
precision calculations are beyond the 
.scope of this book." 

What Oliver doesn’t say is that the 
methods generally fail after only a few' 
operations due to overflow', and the 
use of greatest-common-denominator 
(GCD) reduaion is only temporarily ef¬ 
fective at preventing the overflow, His 
presentation also skirts the fact that this 
implementation only works for toy prob¬ 
lems if multiple-precision arithmetic is 
not used. 

The author uses his own generic lan¬ 
guage, reminiscent of Ada, to define his 
“code" examples. His intent was to pro¬ 
duce a broadly targeted representation 
that was language independent. Instead, 
it will be difficuii to translate some of 
tlie code to older languages such as For- 
tian, Cobol, or C. Tlie example code ex¬ 
hibits problems widi initialization, typ¬ 
ing, character/lzjyte access, parameter 
passing, memory usage, and other im¬ 
plementation i.ssues. Since these issues 
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are addressed in a generic way, it is al¬ 
most assured that few real languages 
will come close to mapping transpar¬ 
ently to his representations, forcing the 
users to modify their implementations 
without a clear understanding of the al¬ 
gorithm-design issues. If Oliver was se¬ 
rious about producing reliable code for 
readers to use directly, he should have 
chosen specihc target languages so the 
syntax questions could have been dealt 
with in his implementations. 

I rate Programming Classics n, for 
poor execution of a RindamentaUy good 
concept, useful only as the firsi place 
to look to find references to more com¬ 
plete explanations of tlie problems to 
be solved. Wliile this lxx>k could use¬ 
ful to experienced designers looking for 
a reference that gives terse overviews 
and points to other sources for details, 
it will be a ii^tzard for die inexperienced 
designer looking for a quick method to 
solve a poorly understood problem. 

Algorisms from P fo NP 

Algorithms fnym PtoNP is a careful, aca¬ 
demic text designed for graduate stu¬ 
dents, upper-level undergraduate stu¬ 
dents, and computing professionals 
prepared to use rigorous mathematical 
analysis in problem solving. If you drcn’i 


comfortable with set notation, discrete 
mathematics, data stmctures, calculus, 
and algebraic expression of problems— 
pick another lxx>k. Algorithms from P to 
NP, Volume I Design and Efficiency, by 
Moret and Shapiro, is clearly designed 
as an advanced textbook to be used in 
a classroom setting with an instructor 
and does an excellent job in that con¬ 
text. It also serves as a good refresher 
and reference for those who have l^een 
through similar advanced courses. I par¬ 
ticularly liked the presentation and felt 
that Moret and Shapiro did a good job 
of leading the student through the so¬ 
lution process; however, it is industrial- 
strength analysis and not for die faint- 
of-heart> But it is worth the effon. "Hie 
authors expect you to recognize stan¬ 
dard algebraic notation, hut introduce 
specific concepts with wliich you might 
not be familiar^— a spanning tree, O-no¬ 
tation, generating functions, and direct¬ 
ed graplis. The exercises range from sim¬ 
ple examples to thesis-level assignments. 

Aigorithms from F to concentrates 
on combinatorial optimization problems 
and takes a thorough, depth-over- 
breadth approach. Moret and Shapiro 
start with several traditional problems 
such as the knapsack proLilem (filling a 
knapsack witli the optimal mix of things 


for a camping trip) and the traveling 
salesperson problem (traveling through 
a series of cities while optimizing time 
or distance). These problems are revis¬ 
ited throughout the book in generic in¬ 
stances as the problem-solving approach 
is modified and expanded to encom¬ 
pass extensions of tlie problems. You're 
given more tools to deal with increas¬ 
ingly difficult examples of the problems 
as the took progresses. 

The reference to a “stack of punch 
cards,” which most graduate students 
have never seen, dates the origin of 
some of the examples while demon¬ 
strating The timelessness of the prob¬ 
lems. Tliroughout tlie book, there is fust 
enough nerd liumor (my favorite kind) 
to liven up a graduate course in algo¬ 
rithms. The basic approach of die book 
is one that 1 am conifortable with: “Tlie 
study of algorithms cannot be dissoci¬ 
ated from the study of problems/ Their 
approach is to start with problem solv¬ 
ing and then show how the solutions 
map naturally into an algorithm for the 
effective solution of the problems, 'fliey 
spend time reviewing methods for as¬ 
sessing algorithm run dme, but they deal 
only peripherally with the concept of 
reliafiility. This limited discussion of re- 
lialiility is prol>abiy related to the focus 
on combinatorial problems, as opposed 
to numerical issues. Algorithms from P 
to yVP discusses not only die dieoredcal, 
asymptotic liehavior of the algorithms, 
but also the application :tnd implemen¬ 
tation issues that impact performance. 
The language used for example code is 
Pascal, and the code examples have 
been used and tested in classroom sit¬ 
uations, 

I lie Hfinie of die Ixxik refects die oon- 
centration in this volume on problems 
that have solutions which, as a worst 
case, require “Polynomial time"' (OfTV^^, 
where is the number of items and k 
is some ccmstant) for their completion. 
Tliese are represented as P-problems. 
Ttie second volume deals with NP-com- 
plete prolilems (prolilenis for which no 
solution has been found that can be 
completed in polynomiai time). NP-com¬ 
plete problems are an ongoing subject 
of research, imd are generally solved by 
approximation methcxls. 

1 rate tills lyook JtTtTi, for concise, clear 
explanations of problem-solving issues. 
A serious textbook for serious study of 
combinatorial issues. Don't pick this 
hook up for light reading! 

(For reviews of 14 ARBs dealing with 
numerical issues, refer to my “Building 
Blocks” cokimn in the former Comput¬ 
er Langtiage Noveniier, 1^2.) 
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task tmm the main CPU 

★ iiji (n 2MB of 
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on-board dual-puiicd 
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BL’PROM for dauj 
storage and custom 
appJicartoii profirams 
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with 24 bytes of FIFO 
per channel ptiwitle high 
speed data eomnnuni- 
eatkjjis up ic ]I5K baud 
on each pttil 

Hardware Flifribililv 

★ The lntdlicDn-ISfT%0 
subji^^tcm mdudes a 
MTWl htwit adapter, 
the ACM f 16 cxicmal 
eoinmiinications 
riKidule, software driven 
and manuals 

★ Pn.ividcs 36 to I2S asyti- 
ehrunmis serial ptms 
frotti one PC slot 

★ AueomtTiodalL'Ji a Itrtal 


Connect Tech Inc. 

‘Meeting your objectives..!^ design ' 


727 Speedvale Ave. W. 
Guelph, ON NIK IE6 


i^l'5l2 scriai (x>rts with 4 
tiosE adapters in h system 

* The ACM.' 16 module 
ha.'i both RJ45 and 
DB25 c{}nnecft]rs 

* Offers optional ijo-board 
rcaliintc clock and optional 
oT) -boanJ battery bjickup 
for ihe dual-poned RAM 

^ SupptirT^i8<12S6, M(U86 
and fEf*43^6 AT bux 
architecture 
Software Fle\il>ility 

* Devciopmoni ftHils 
available Ibr custtmi 
dcvcioprjieni 

* Software support for 
UNIX, XENIX, QNX, 

Das 

Reliability 

Since Connect Tech's 
piioductfi have become 
known for Ehcir unsurpassed 
quality and rellability. This 
inidrt.ion e1' prcividiftg fle)(,iblc 
cosi eftcetive solution.^ is based 
on Connect Tech’s C}ipcrLi.se in 
the design and nianufacturc 
of coinmuniexitior! hard- 
warie and software. Al 
Connect Tech we meet 
ytiur obiectives - by design. 

Td; 519 836-1291 
Fax: 519-836^878 
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Complete replacement for the graphics text functions in the Borland 6Gl graphics 
library, Corrects bugs in BGI te^d functions, allows arbitrary rotation, tKjfding, 
underlining, and italicizing of BGI fonts. Supports additional bitmap font formats for 
filled font rendering, Works with any BGI video or hardcopy driver. Supporls 
Borland DOS language compilers in real and protected rnode. $69.95 wfsource. 


BGi Printer Driver Toolkit 


New Verslonf 


Provides drivers for Borland's BGI graphics library to support a wide variety of 

E rinters plotters, and bitmap his formats. Support for EMS/XMS. Print popular 
Itmap file focm'ats. Extensive color device support Not a screen dump - load our 
drivers with BGI's inftgrsph and get full output device resolution Supports Borland 
DOS language compilers in real and protected mode Si29,95 w/source. 


BGI For Windows 


Port DOS BGI Code to Windows 


Gives you an irtterfaoe to the Windows 3.x GDI compatible with Borfand BGI 
graphics calls. Port your DOS BGI graphics code effortlessly to Windows. Full 
support for 256 color palettes. BGI stroke fonts, high resolution display, and 
rasterized hardcopy. BGI extensions support TrueType and 24 bit color. Supports 
Borland Windows fanguage Compilers. $129.95 wfsource. 


PC Timer Tools 


Evenf Timing and Scheduling 


Brings microsecond resolution timing to your DOS application with extensive 
functions for timers, delays^ alanms, timer tick management, and thread 
scheduling ideal for execution profiling data acquisition, and process control 
Supports Borland DOS compilers, MSQC++, Intel 36S OB, Zoitech, $89.95 
W/SDUrce. PC Timer Objects for C++ and Turbo Pascal OGP ^ $89,95 w/source. 

All toolkits include The omdalFine Print 

complete source (in both C and Turbo Pascal), obiect/driver/DLL distribution 
license, and our 30 day "No Questions Asked" return policy Add |5 shipping USA, 
$10 elsewhere. VISA, MasterCard, and American Express accepted. Our toolkit 
code is found in a wide variety of commercial and private applications in daily use 
by over 100,000 end users 

Ryle Design 

Purveyors of Big Science since 1987 

PO Box 22, Mt. Pleasant, Ml 48804 USA 
Voice/Fax: 517,773,0587 CIS: 73047,1765 

Demos and spec sheets available on our B8S: S1 7.772.2393 


kpports Datakse, 
Hema. dtid liideK 
formats of 
dBase 111, dBase JD. 
Clipper i foKBdse 


HoydltyFree 

■ 

Includes 
Shrouded Source 

■ 

Cumpatihle uiith ant) 
HHSI orKiB Complier 

■ 

Transaction Processing 
luith Commit/floliback 

■ 

Documented 
Source BuaiUble 


Automatically Translate Your Old Code Into Readable 
and Maintainable ANSI C with the latest 
PASCAL and BASIC to C Translators. 

Available For: Turbo Pascal^ VAX PasealiHasic^ 

Microsofr Pascal/Basic 

For More information Call Now! 


Technosoft (US): 815-397-3214 
Technosoft (Europe): +44-264-781626 

All Regiiitered TrademarkN Acknciwledgcd 


Source Code on CD-ROM 

CCITT Standards • RFC’s & IEN*s 
Networking Tools & Utilities 
386BSD • NETBSD « Free BSD • LINUX 

XI IRS * ALL GNU Sources - 

2nd Berkeley Networking Tape 

; CALL, FAX or aeOdE-IUlAIL today 


■nfoMagic 

P.O.Box 70S. Rocky Hill. WJ 08553-0708 

(800) 800-6613 • (609) 683-5501 • Fax (609) 683-5502 
info (^infomagic. com 


UNIX SYS V, 
BSD. OS/2, 
Windows 3.x 
and NT, 
DOS, 

Novell NLM. 

Client/server, 
ODBC, and 
library 
interfaces. 
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Thompson Toolkit plus AWK Compiler 

DOS & 0S2 Programmers Make Life Easier with our 
Development Tools and Awk Prototyping Language 

ffl Now 100% UNIX Korn Shell Campatiple 

H Toolkit allows you to set DOS Environment Variables and exceed 
DOS Command Line Limits 

a New Awk Version 3.0 now supports Comma- 
Separated and Fixed-Field records 

For full information contact: 

Thompson Antornartfon Software 
5616 Jefferson * Portland OR 97221 
(503) 224-'1639 • Fax (503} 224^3230 • 1-800-944-0139 
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Hipparchus™ CIS Enabling Technology 

I Over 250 functions provide C devefopers with breakthrough 
GIS capabilities. Interface with any GUI and any DBMS. Ellipsoidal 
vector algebra enables seamless 
global coverage, lightning-fast 
spatial indexing, polygon overlay 
and morel 

DOS/Windows Libraries, Application 
Prototyper, Tutorial (270 pp), 

Reference (340 pp); $475. Mast 
other platforms supported 

Geodyssey Limited 

500,815 Eighth Avenue SW, 

Calgary, Alberta, Canada T2P 3P2 
403-234^9848 Fax 403^266-7117 
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Sax Comm Obiecis: 



Modem database with over one hundted 
modems, easy and powerfel funetions. 


Color An^ VT52. VTIOO terminal 
emulation, scroU back and log file. 


Low level control over handshaking, line 
settings, etc. Support DigiBoanI, Hayes 
ESP, ere. 


'for f/ie C++/jro^ramfner. Sea Comm 
Objects is cleoriy the prothtet of choice* 
— Windows Tech Journal 

'Jlie Sax Comm Cojttrol lets ymt plug in 
a sophisticated commmicotiom inteifsce 
in a matter of mintaes' 

^ Bodand lutEinadona] 


Very fast background file traitsfers 
using ?£/Y/ZModem, Kcrmit, 
and Coiti|mserve B+ 

^(^day, money-back guarani^ 

■ 1 - 800 - 


VERSION CONTROL BREAKTHROUGH! 

SourcaSafe ™ 

The only objeit oriented VCS for all plattormi 
(and less than 1/2 the price of PVCSI) 

S WINNER: MkrmH Sysfetm Jomii 's compelitive review 
W WINNER: CmQutBr LonQme 's PfodmtivitvAward 
✓ ENDORSED BVs fniel Omk Amitkan /Urfwes... 


SourteSaf 0 ^ ^ 

■ Pim|su oiifiny vst^n t«tlTt}|: 

• A 'FiteMnnoger" for your sotute code 

■ CossufeHofm: DOS, WIN, OS/2, NT, UNIX, MAC... 

■ Inoet^ly s(S}[ ta 


SoarceSafe™ wl: 

• Instollin IQ rrinuies 

• Save ynu o minimum of S hoots d mdk 

* Track entire ptogramj and proieds 

* NEVER b&aa file 


CAIL NOW far a lisk^me look af SourceSafe™ ord iBgi^er 
IQ win an IBM TJiinkPEKT"* [Uniled lo first 2,000} 

1 -000-364-5467 FAX: 1 -919-040-0307 
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F1L33-C 

C preprocessor for fuzzy logic 

Integrated - seamlessly combine fuzzy logic 
reliability with C power 
Portable - use with most ANSI C compilers 
Extend C - add membership functions, consequence 
functions and fuzzy logic control blocks to C 
Accessible - easily call fuzzy logic functions from C 

Byte Craft Limited (519) 888-6911 

421 King St. N., Waterloo, Ont. N2J 4E4 
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WeMI Tell You Just Once. 

Create Programs 10 Times Faster 
with Allegro CL^PC. 

Far more powerful than G++ 

or Smalllalk, Allegro CL\PC is Injly 
amazing. 11 offers you incremental 
compliation, memory management 
and a standardized library of over 
700 funcLiom and dasse-s. Plus a 
built-in editor, debugger, browser 
and profiler. 

Closely model the real world. 

Featuring CLOS, the Common Lisp 
Object System for advanced objecl- 
ofiented programming, Allegro 
CL\PC makes it easy to express 
difficult ideas. CLOS includes 
multiple inheritance, dynamic 
redefinition and a mela-oblecl 
protocol for added extensibility. 

Windows dexelopers will love 

Ibis development enviranment. 

You’ll appreciate the native 32-bil 
compiler, access lo the Windows 
API, and DLL support. Applications 
are portable lo Unix workstalions, 
and can be delivered royally-treel 


Call now and order 
Alleijro CL\PC 
for only $595 

—a $400 savings! 

OFFER EXPIRES MAY % IMA 


^Tkdf 


ta li. 

FAX: (510) 548-8253 


US: PiKfiK I-SOO-645-jm Ftt 913-5324787 
I: Phone t32 37660364 Fai+32 3773140J 


SOFTW ARE 


fSOO) 333-7260 ext. 93 
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soom 


CD-ROM 


Free Pentium 
Optimization Guide 

I Call or FAX for a copy of Quantasm's Penlium Optimization I 
Guide. Used by itself or with ASMFLOW Professtonal you 
can obtain amazing pepformance increases. ASMFLOW I 
autornafcaJly produces flow charts, call trees register analysis, f 
data K^ref, tiitiing and nwre. Available for 00x06, 0051,8065, 
0096. Z^0O. 6502. 60HC11 and 1750A. ($199.95) 
Call for (nee demo ar>d catalog of assembly. TSB and floating | 
I point libraries. ($99.95 to $299,95) 

Quantasm Corp, 

19672 Stevens Cfeel( Blvd #307'D 
Cupertino, CA 95014 
800-765^086 or 4^>8-244-6S^G 
FAX: 408 244-7268 
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Earn $4,000 Per Month 
From Your Home 
With A Computer! 


Earn Your High-Torh Degree 
While Working Full Time 

New hook Hi^i h-Tc t.'hin>lL^^y Dcj^ri'i;, AU.e.mLiLi>;c?: 
shows how to get your ct^tlcge degree withoui 
quilling your job. attending Jiight sehiMsI for years, 
or breaking your budget. All degree programs ai e 
accredited, and many do nor require classroom 
anendance. Use VISA or M.C, S2I.95 + S3.75 s/li. 
Pimfesstona] Publication Inc,, llept. 

mO) 426-1178 
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nBrCTXTTRTrC RTISITr 


Bug Tracking Made Easy 


Soffront*’ TRACK™ is a client-server based 
ready-to-usc Bug-tracking and Technical Suppoil 
system for WindowUsing TRACK you can 
j'ccord a Bug, System, and Cuslomer in formal ion, 
query, produce reports, notify other users, keep a 
log of change history, impon. export, and more. 
Customii!:e forms, ficEds, views and repons to 
meet specific needs of your organizatloEi. 

SoflYiinl Softivare 

IkOb Mi I mom Drive. Suite # 159, Milpitas. CA 95035 

I Call l- 80 a-SOF'-FRONT/( 4 () 8 ) 263 - 27«3 

or Pax (408) 263-7452 


1 

' ' ' ' ' 



Your 

Best 1 


■ 

UiLU 



lOc^MSWIodmCDflOM 

Ici^GimsCCRQM 

I Spn aodAennoii^ CDROM 

IctberOmpliiik^CCROM 


^lOlt^fiKUSDOSamfWiiidciwt $w| 
TbaKuiliartlASAinu|S3]ut4iifiki |3}J5*P 
AcdleuicHiduicriiippiHledCiODOxec^ 


SinudMSPQSOTWM JJSJJSI 

QflZIHimRaifijoCERDM pCCCi31i%ira^kira& DCStfiki 

dill G^ir CD^tOM £00fl modly MDx43I]' Im^ ■ eneiy t 

Qdcnbcig CDkOM Clsik LitcisluK at letadcat domnniu 1 | 

}\<m m CDRQM fioe m oirrciil ShKWiiD'hcKtii? furOSi] E 

SouisCole tDR'Obl CDlx&IX£s(i(ii«ralef>[irpt(^^ 

iHlcmd: ItfoCDROM HiquhiiiIi of unvidcr, lU, and iolcnei ikmnEoli E I 

CDRCftd y^ ai gnu $ 0 «wue forllBix ud SPU^C E \ 

AniBa An^i CDflCM 650 MB mr SbaiewaKiliieeinje forAini|i S 

GB^.^R]CD{i0U IdDMBilWI^ci^iiniitarAlai-aliafDrBBEi^^ S39JI 

AJidlftCM bii|iiRniiiiiE:todi,Aj^iiH[]ccD[iiki^ S34Ji 

N^aidrNm'aXtDM 

KebuiaforNemUPliid £OOMBNeXimPlMdafipKdoci,dE 

%7$x 

Finct^ PiEBiy CtMll 2 jOOO Ugli TsotiikH tomts - naijfiky Tib S I 

bRUSDCDRCM Bededey BSD.mQ/SbrPC.wrraillXn.6^ S39Ja I 

UoutOXtOM Y^dnsilLifliu. 331Hl0^fDrFC,ivr(mJlXt].5R i4l3i\ 
turiileocianCriftlCM SpuubdHcnfiii^ 

Beikelefi a|)efjiiEilaj DistniHiled OS AifSui'i E 2f JS I 

{IiR0MCiddN:l St][]dKiltps^Li^ti|ia%, Uftidme gi^^ $ I 



1 - 800 - 786-95 

)07 




AJJ oitr erjRajH* itre 
unra^ndiEtOfully guaranlced. 





Walnut Creek CDROMI 

I louM A04 1 Pike Lane. S«t» D-39 1 CoocowL CA W520 1 


FREE CBS! 4S6 Corfipwter 

Quit spending money tin your com' 
puter and let it earn money for you. 
This is a proven turnkey business an 
individual or couple can run. If you 
purchase our software and business 
program, wc will give you the compute 
er and printer. If you already own a 
computer, you may receive a discounr. 
Begin part-time and still retain the 
security of your present position. We 
will provide free, home office train¬ 
ing. Financing available. 

To Tece£4;e free cassettes and color 
literature , coil £ol[-/ree: 

1^800--343^8014, ext. 1443 

Or Wnte: 

Cumputer BusineEis Services, Inc. 

CBSl Plaza, Ste. 1443, Sheridan, IN 46069 


Free Report on how you ciiii 
Eliminate 87% of C Programming Enors 
in less than 2 hoji sl 

Thi.'i valuable repem reveals secreis known by less 
ihan 5% of ull pmfcji^ioiiijl programmer.s.. TheiiC litdc 
known bul pow^crful iccliiiiques prcvL-iil almost 90% of 
nil iLesjgn itnd rmiintcnance errors wilh the guarantee 
lhal your compiled code will be virlnally error free. 
Limited quantily available. 

Logit Technohjgit'i 

I (619) 228-%53 FAX I (619) 369 IIH5 
560«9 2y Palms Hwy. Ste 254.DD. Yiittii Vulk^y. CW y22K4 


Basic to C 


I BAS_C v6.0 translates BASICA/QBASIC/ 1 
(Quick BASIC source code to C source I 
[code automatically. The translated C[ 
[source code is scoped, indented, j 
I structured, syntax error free and can be [ 
I connipi fed Tu rbo/Borland/Microsoft/Quick I 
C. Runtime C source code is available. [ 
90% conversion ratio. From $599.} 
I Call for non-MS Basic. 

Qotoless Covers! ons 

7105 Dee Cote Dr. 

Colony, TX 75056 
(214) 625-2323 

BBS: (214) 62 5-6905 FAX: (214) 370-2612 
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BAR MB OF SOURCE FUR lANtllAtES 
(OPEBAEINB SYSTEMS FOR 039.95 

The LARGEST COLLECTION of soifcs br compifers, lurtctiDn lltirariEs, 
and ctacs for standard and ras^rch languages & OS ever ass»(Til)led 
...Ada, Baste. C. Ci-k. E. ET++. Lisp. Macti Mndula. Oheron, Pascal. 
Prolog, Rexx, Saiher, Schene, Sell, Shnula, Td. yacc, etc.. 

Unguage/OS CO-ROM S39.95 

I Other Titles Availatile 

Grapliics -1 (Applicaiiorts w/ source) 124 95 
Audio -1 (ApplK^iwis w/ source) S24.95 

Mottiniedia -1 (AppI icalions w/ source) $49.95 
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Knowladgo Media 

436 Nunnelv Rd , Ste B, Paradise, CA 969G9. USA 
l-aDQ-TB-CD-HDM VISA/MC/CQD 

+1-916-872 3826 Voice/FAX 




INJ-A 


Menai Corporation 
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t DEVELOPMENT TOOLS ^ 


PARSING MADE EASY! 

Validate input fields, parse configuration files, 
interpret data base queries, implement a macro or 
script Language, design a "little language", build 
a compiler. Whatever your input requiremenLs, 
produce n>Ofie flexible, reliable, and maintainable 
programs faster with AnsGram. the powerful 
new parser generator built with programmers in 
mind. DOS, C, C++. Call for free trial copy. 

AnaGrarrT by Parsifal Software 
P.O. Box 219, Way land, MA 01778 

800-879-2577 Voice/Fax 508-358-2564 

CIS: 72603, 1763 j hoi land @world.std,com 



IMAGE PROCESSING 


Victor Ubrary v 3.1. Powerilil image processing & coior 
reduction, brighl/conlrasl, sharpen, ouliine, resize, over- 
tay, matfix conv., etc. TlFF/BMP/JPECa/PCX/GIF/TGA/bin, 
works with iarg© Images wilhout DOS extenders. 
EGA/VGA/SVGA/VESA, Up to 16 mltllon colors, 
LaserJet, ScanJet, fcr MS end Sertend, C>S-t-+. Stxme 
noro^ 

VICTOR LIBRARY for DOS $195 
VICTOR LIBRARY for WINCXDWS $295 

Catenary Systems 

4/0 Bellev^ew St Louts. Mo 03119 
wsArtiC GaJI/FAX (314) 962-7033 


Whelher you wish Id license your soHwaie to an existing 
publisher, or form your own software company, wc enn Help. 
We wilJ provide legal and buss tress services including product 
and market analysis, selection and solicitation of poicntiai 
licenseeft, Hcen.^ negotiation, drafting and analysU of all 
conliaoEs, Incorporation, writing of business plans, and fEling 
of financing apptlcaUon^, ff yoor venture is a saccos-s; we all 
profll, if it fails, you owe iis nothing for our services. 

Call or write today. No obligation. Confidential. 

Do not send any software or Idc^ to us or anyone w| ifioni a 
signed non-disclosure ugreementt 


Micliacl Noruian Salemau, Attarney at Law 
Ravnum & Associalcfi Consulting 
159to Ven'turn Dhd., Suite SOlA, Encino, CA 9J436 
v: SJ8/379-S770 f: 8IS/379-a7S0 CIS: 714flld6o3 

m 


B.S. & M.S. 

In Computer Sciences 


■ ALL COURSES HOME STUDY, 

■ Approved for tyition reimbursement by leading 
corporations, 

' Most courses interactive, 

■ Approved Ada course available. 

I For free information call 
1-aoo-767-2427or write: 

2101-DJ Magnolia Ave, 

Suite 200 *B'ham,AL 35205 


AMERICAN 

iNsmm 

COMPUTER 

SCIENCES 


I III' < >iily < Ijilii ,il I oi ni Rt'( ();:;iitlif>ii 

Form Scan 


Recognizer; Precise posttien and replicate 
Text, Graphics mA Reids widifi 
al sizes and atn^utes. 
Outputs: - C or VIsuai Basic, lul 

application with sotree 
- Other popidar form formats. 

E-Data Link bic. (713) 690-5710 
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V c LVtrrdOWs Pfogrommer^ - iriirtxiucing .. 

^DynaZIPcomp,e^<S^ 

for Microsoft Windows 


I nnolY an Intellgent and easy way to hneorporot^ 
modlng and vnttlng of IrvlLEtry slortdatd ZP into your | 
Windows pfogrons, wthout hroving lo *shel" to DOS. 

DyruZlP Is a set of IKTVALTYT^REE DLLs Itxit give you a I 
API tat reading, testing, creating, writing, and i^attng TP I 
tiles. Supports QC++ and VBt Irtcfudes source code for □ I 
Ngh-quaillY WIndowirba&ed ZIP shelt, comprehenstve [ 
lest/dlognodlc tools, arrd full docurrientallorVhetp system, 
Veretons ovcXIab*© for Wlndov« 3,1 and Windows Nl 

Now oniy $249 w/30-dcrK fto-r/sfr guaranteol \ 
Can today foH free: {800} 962-2949 


[finer Medio he. Hoilis UH Ll!iA fiQ:n 6 foi! [ftO.lJ 4*5-7195 
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All maUocs Are NOT Equal 


kNSI poftflb 

DOS. Windows, Ml, OS/S, UNLK and other platforms. 
Prophetary algorithms delH^r speed impfoveinerrts up 
to 100(!< versus ocher oomnnercial nnallbcs, especial Y for 
latge heaps, in the presence of virtual memory. 
SmstHeap local izs data structures in their own heaps. 
PIlb it includes numerous fiMed-sizc arid handle-based 
APIs. Oetx^ins facilities isedate lealasge, CMerwrttes,. 
doubte-frecing, wiki pointerBj and mary c«her errors to 
responsible file/llne^pass ctxnL ExqeptJonalY ficliaible - 
used by a 'Who's who' of commercial software publish¬ 
ers. No rcyatties. Source available. 

CaA for FREE Whrte t■a>e^, Bendimarls, 
and Error Reports 

MICROQUILi SOFTWARE PUBUSHlNGy INC 

000-441-782® / 906-555-8218 / FAX 206*525-8309 

Conpu 5 efVE:/ 0751 ,S 443 lntemet:dc 4 cols®micToquiil win net 


I ATTENTION: 

Application DerreloperB, Ckjnsultants^ 
and S mall Software PublieJiere 

Marketing can make you moneVt 
get you new customers, 
grow your business! 

Try Marketing Made Easyt ttte practicai fiow-io t 
I marketing newsietter for software grofessionafs. 

Teaches to create rnarketltig pieces and proorams. 

Uses case sturtres. examples, anrt step-by-step guidePines. 
Pnivldes guidance In deallnQ with strategic 
I issues. Covei^: 

* Pirhlic Relabons - Pricing . 

* Market Research " Data Sheets ^orketiUff I 

> Direct Mail ' Uroebures 

* Tradashaws * Press Kits 

■ Upgrade Marketing > Advertfslrig 

■ Arid much mare 

To order or for more informalien. 
phone 1-2D6-641-349& or 
lan1-Z0e-e44-D45D 


Special $ 149 /yr price for a limited time 


No Marketing Experience Necessary! 


The Friedman Group 
P.O.Box 40013 
Helievus, WA BB015-4013 
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Indispensable Tools 
For Serious Programmers! | 

I FomAm wsa FonjmN UEVEioPMFm 
■ Save bme and aggravatlQii TOOLS $149 
I ■ Unit bugs tastef * FInil stniclure in ynur progra ms 

• Sattar underalind large • Clean up old. ugly Forinn code 


Quihus I W^© 


ENYEHPRISES, INC, 

3340 Martia Terreca • Colorado Sprtiooi, CO BOMS • iT1S^ST7-1394 
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The SPIHDRIFT Library Version 3.0 


The Complete FORTRAN Frogmmmer's Toolkit. 

I Creels iophlsllcaleti tFal4-af-tlie'aft esarlnlerleEes far your FDRTIAK 
|irD|raiii$. SpindrifFs ceElnblt jLrfareiitfnes ead Iimttioes lal yev 
• Neva delD entry screens dialeg hexes, sirelling Ihl bexei 
pjlF‘devr[i mires, pv^h rirticri, help pareh, elt. AH vrith leH 
itiousa support. 

• Much morel 211 Jiibreelinn end lerctloni for byfamrl 
screen, mojse, DOS tmifrat ead bordvnire slotus. 

I CnmpfelHisfve demonsMon (Hupuni shews what you cun dn end bow to da It. 
Now ^hippifi^ Vfrriiiii S.O wi/ft di ufw User Guide. 

PRHX: 1BBilCorr^ilets-S14? 32 Bn Compilers - S7S9 

I Spindrift Laboratories, Ltd. 

116 SotfHi Harvard Avanue - Arlington Helghia - IL ^5 * USA | 
Phone: (701) 255• FAX: (701) 255-6] 01 


Communications Library 

II3DOS vid Window* 3.1 v«f*lon«. 

*llAn4«iPpcPi«eior£e -imemipftdimn ■OaSO-ieSSolMRT 
’ATti-CTSInroffWol PVX -300-nSSQ bud 

Indudee eiwnple omimiriaeitau program in C Mm 
XMODEM, nd YMOOCM potonla. Gel aulB » *nry. prMled 
User a Rfidtiwua manuait, quanarly rwmieoar. one yaer EidS i 
phone lupoorL Dowr^oed demo venion bom our 0BU, Grper iha 
Penonal Comnunkurienc Ubrvry Iv DOG {PCL4C) MS, 
vwndoiet tpCLiW] led. orbodit^sS. Add aiH ffa owirleeit. 

ftelOffla Boh 4S43 
lUitan** AtaMIS 
2 C£ wr 4sao vom / FAX 
sap 9749 BBS 

_ *Wiei o wt^ftto#d 

Computing^ Inc. sejbMr* nuar 


MarsballSoft 
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PCL - Printer Graphics Libraries 

I The PGL ToolKit is a set of easy to use 
libraries for generating device independent, 
high resolution graphics output on most popu¬ 
lar printers. Includes full support for C/C-f-f, 
Fortran, Basic, Pascal, Clipper, & Assembly 
plus 32-bit support for C and Fortran. MO 
ROYALTIES! 

Only S245 (includes all language support) 
Source code available S595! 

AiiSoftJiic. Voke/FAX: ( 301 ) 470-2335 


Neural Networks 


As simple as a^b^c 

' An easy-to-use applications package. 

I Ideal as aNcurat Net Introduction, 

I Import/Export data from spreadsheets. 

» Simple interface, no need for Ph.D. Ilf! 

I Train & run your first neural net 
2 minutes after installation! 

Included with every package: 
Normatization, Train Fite Maker, 
Import, and Leam-2-Run utilities. 
Example handbook and software. 
Graphic network build and editing! 

I Neural Intelligence Ver 1.35......$ 115.001 

(Add S70.00 for Ver 1.35 mnllme 'G' code genej'alci'.) 

I Neural Intelligence Integer........$290.001 

Intsgsr veraioo Ibr flfnbsddsd systems develDpmsftt.. 


Cogito Software, Inc 


AaIc 4l>oui dono disk 
and booklet; ^'Autries 
(t/" TVjeuru/ '* 


i, Box4S1 Fine River. MN 56474 

-800-450-2001 





























































DiskCloner 


LINGO LANGUAGE * Phoie 61 (9) 4G5 7fi30 > Fcx 61 (9) 316 2A71 




* r>Kkt!]c]ner is Ji supE;r-lhs[ Koftwarc tlisk dUpliCHtor fcir 
W'iiitlawa. 

* n«ili source ifijik irmijcfi Jitta nicninjy - N'E> HtmF. DISK KW'APFiNfi 
< Sirvics di»k images 14; ilbik fur Ltier lise. 

* Shart' ULik InufWrs over a nrtwurk for mass etuplicaiuvn 

* Ai-iEuinalically'funiLtEs dcsUnaUtln disks. 

* fkiriwart^ PrtircsMcmiilti lUbikCbncr is Idea] for nicking inlemiil 
relejMcs on deniand. 

r |T&ofdv,SfiKfadi«dicafnonivaidarti^y9.9^ Indude S3 lor skipping 
||[>ttieUS. Ovei^eeSDnlefSRddSSshppiig. (^[Ssiiteriftsxldis^ 
mmm \luH Beach Lahs. HB hina pd. 4DB. Baa Frocisci 1HISF. Tii/Fii f G-^-BBTl 
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SOFTWARE COPY PROTECTION C and C++ DOCUMENTATION TOOLS 


I We build quality, security and affoiidabiiity into our LtlOCK I 
I copy protection software. Evaluate; compare and see wtial| 
I we are offering: 

«Installs easily on yeur JBM-PG Soflware 
«Defeats all dtsk copy software 
■ Requires NO special devices or disks 
* MSDOS 6 compailble 
«CustomUe options available 
I Evalualicn disk (5 counts) 

I Starter kil jiDO courtts) 

I unlimited counts kit also available 


> C~CALL ($69) Qraghip tn 
' ' ' ‘iorvnhes ini 


$2&. 

$145. 


r - jL • } erf cqlfer/cal lad function 

hieraroriy, fundion/filos inds?, function cross-reterience. 

• C-CMT ($69) Crsates/insorts commtent-blocks ffunc- 
tions/idenlifiefs used) for each functkMi. 

• C-METHfC ($59) Catculates path comploxily, 
counts lines with comments, code, and 'O' slalements. 

- C-UST ($69) Lists and aetbon-diaqrams, or reformals 
source into user seleded standard fonnats. 

• C-REF ($59) Creates local/global^define/parameter 
cross-reTefence, C++ class nterarcfiy tree. 

I • Special: C*DOC ($199) All 5 in 1 DOS (<15,000 lines) 

- C-DOC Profeasfonai ($299) DOS, OS2, Windows 
Processes 150,000+ lines, enhanced O-rtng binder. 


TeE: 201^585-3820 

Fax: 201-585-9022 


I l-Tecti Corporation 
124G0 Lemoine Ave 
I Fort Lee. NJ D7024 


I SOFTWARE BLACKSMETHS INC. 

16064 St Ives Way, Voice/Fajf: (4ielB5fcl4fee 

I yisBissagua, ONT tUomos/BBS: (416) 856-1916 

I Canada L5N-4M1 
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CIRCLE NO. 1139 OH^READER SERVICE CARD 


CIRCLE NO. 1141 ON READER SERVICE CARD 


Why use a language from the 70's for applrcations of the 
Wt's^t HingD sDUTce cade is fully ponablc across diffcroct 
pLatforms. Canlact us 24 hours a day for more 
information. 


SECURITY 


Start small, grow as you do 

* Peer to peer LAN to 250 nodes 

* $75 total software cost/LAN, not node! 

* Use Ethernet or Arcnet for speed 

* or Zero-slot via serial/parallel/'niodem 

* Share most anything in DOS or Windows 

* Needs only 40K of ram 
infonnation Modes 

I nflFInFS Drawer F, Denton TX 76202 
U U[l CH S17-332-7407 FAX 
uu«ui*u 1,800^628-7992 Orders 


GRYPKEY SOFIWAIIE LICENSING SYSnUII 

' Hardware key like prowaion mthout the Aardnare key" I 

I CiypK^issEQllivanipniftBdjDnlDDh Gltiarfrg 
. coTEplete securi^ ^itv9i> disk copy pragum 
i cwmiele mmpaiitil]lty wllh any MS DOS 
wWSWNDOWSJlEjesKlniechirw 

. asriiklh! imaibillty—tn disli ke>'. m? twdware key, less suppojl calls 
M dtsssIsFiKtiwiy 

I Crypj^ n 3 sails loal, ^Hawing ytjiti Id suit yqur prDgrafn 
. bji' incremeniE—€n^ Kie aptionslhe customer purchased 
h tv msTtier ci nins—e.g., seli iDOcalcutalians tar 14^00 
■ 1^ lima pariDiJ—i.g.. 1^ bt damo ymir prognm tar SO rOys 
I uses a niiriKfit: key Ihi can be lianBmilis j by plxins or Is. 

Sell custahisrs rtnre dpltans, rtiDtecDUis, hiDre llitie or ntua mtis Inslsnlly, 

I |U5l by malitag a talephone call fUnjat tar ovarsaas custamers or distrlbutarg.) 

'WOW A VAfLtfliE FOR NETWORKS'' 

CRVPKEV IS PHIDJiCED HT ’(E«MC CDHTROI - RHGItf EBIMIi AHO SCFTWflRE SlMCf 
Koftonic Cfnrirals Limifed • 7175 ^ 121fl Sfrwt Stri^fh ftfit • E^fgary, 
Alterta. Canada r2H?SS* i4{1!112Se-6m • laa; 1403} 2SS S2S1 


THE FILE ANALYST 

Dump * Search & Replace * Display 
ASCII * EBCDIC * xBase * Delimited 
Analyze * Reformat * Translate * Split 
Convert * Copy * Scon * Print 
Verify * Undo Labels * And more! 

20 menu functions to quickly Identify, reveol, 
manEpulale and view ony data dructgre — no 
matter how complex. Perfect testing & imporl 
tool for uniform fielcts and records. Just fill In the 
blanks a run. No programming! $169.CX] Call for 
Demo. 

212-779-7667 

Ralph Gamer Associates, Inc. 

99 Madison Avenue, Mew York. NY 10016 
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Opt-Tech Sort 

High PBrfnrmance Sort/Merge/Sel 
E;Qmmand ling or GbII 3$ a subroui 
Supports mosl languages and file' 
1 multi pie keys and much more! 
H/hre Sneed and More Features! 

ect Uttlfty. Run from the 
tine to your pragrams. 
types. Unlimited file si^e, 
wYmioitSrOiiiQfu^ 

- OS/2 or Unix $249 

1-3737 

Processing 

' Cove NV 89448 

MS-DOS or Windows $149 

(702) 588 
Opt-Tech Data 

P.O. Box 678 * Zophyi 


Discover the Magic 

of Prolog.. .Starting at $49 

DOS, 16 and 32-bit interpreter, $49. 
Interactive tutorial, $75. Edinburgh- 
standard development system. S149 
Expert systems tutorial w/src, $82. 

FREE Catalog * MC/VIsa 
Moneyback Guarantee 

Amzll 40 Samuel Prescott - Stow, MA 01775 
508/897-7332 fax -2784 amziod @ world, std. com 


AeSORT Sort Merge/Seiect 

ULTIMATE SORT SPEED 

New Criteria for the words 'FAST sort' 

Up to 12 TIMES faster than others, UDk size. 
Versatile. Easy. DOS exe. batch or call subrtn 
from popular languages. Muit keys & lengths, 
Asco/Dsen, output recs. keys or iox's. Fixed, 
xbase, etc. Also powerful Merge/Select. $159. 

AeSORT Inc. 

4070 E. Pueiilo, Phoenix, AZ 85640 
(502)437-2867 


HGHT PIRACY 

PROTECT YOUR SOFTWARE 

Since 1986, thousands of companies worldwide 
have chosen Az-Tech Software as partners in 
their fight against Software Pirates. Why? 
Because we offer you proven leaders: 

EVERLOCK software Copy PfO^ecthrf 
Option Board Sate—Bemote Registration 
New CPU LOCK-CD RONt LOCK and more 
EVERKEY HARDWARE LOCKS 
Caft for a FREE Demo 
(800)227-0644 
Az-Tech Software, Inc. 

201 East Franklin, Richmond. MO 64085 
(816)776-2700 Fax (816)776-8398 


SOURCE CODE ESCROW ■ Emacs for ^lindows 


Ifs fhudky here ^ A flexible siiircc ctxle escrow 
service r<T(r indqx-Th.lent dcvelnix'r^. 

• Guanmti.'i.' future support 

• Enhance ytrur prcffessinruJ iii'uigiL' 

• YtTu retain cnpyriRht 

Co/I ^ a ctqrijilcrje ui^/rmutzwiL package! 

□ F 1 D E X 

A M H R [ C A S 

COR M i' ft A T ■ 1-1 K 

821 Fir Street • Sandptunn ID 83 H 64 
1 • 800 * 569*7569 • FAX 208 * 265*4191 


I WinSnmes Isa lullylundHinalWindows3.1 version □[ll» Industry 
standard pr{>gram edUor Gnu Emacs. vnrsldrr 19.3. 

lffle£taacs has the^f ettErtbED feauiree^ 

* Separate buffers In diitarenl windows * Cllptoerd suppotl 

* Menu and drop’dDWi menu bur • Scroll bars 

* Multiple iont sis Bixt r^ supp«! * DDE and OLE support 

■ Cul and (hs1e mouse support - Binds eny arbitrary oombtnafjan 

* Support tor leatr and Binary Hies erf a kay and tey modifiers to 

* Swport for foreign k^bvards Ernacs Lisp cotta 

I Gonagd PearF SoftwarH at peart^gtaoan.ccm (eniml] (5111) 273-5795 (voice) 

I w (Silex} tar rnnelnliMtaliDn SupponedversiDacosts$199. 

CALL 1-BOD-WfN-EJVIAC 

— WE iktEd ftnpyiPE EMACS CQJIEUITINC SFnVlCES — 

Fearl Software ' 320 Avenue, Oakland, GA 94610 I 


NO ROYALTIES 

OmniSort Sorts, Merges, Selects, and Formats 
DOS, Btrieve and dBase Files FAST. Runs as a 
stand'alone program or links with your Assembler, 
Basic, C, Cobol, Fortran & Pascal programs 
Supports unlimited keys and four gigabyte files. 

Regular S129 
Special $99 until 4/30/94 

803 786-7367 

Omniware 

501 Kinsler Road. Btythewood, SC 29016 


Why Can^i Documenting 
Software be as Easy as Writing it! 

It Car Ik l>y Using 

BOCS 

Tlw aul^CASt Ttjol givitig you itie fr«fcmv ttwi tJiM ytw've grown 
uci-iHlcHned to ulm it coniK to codirg. 

* tnherluitiM. * SysTcm Ijcvel Feaiwues 

■ CmsialaKy CtiGcldii^ »TniccBibility, E^oft^bk 

* Auiomatii: [>ocurMiii OeneriHiofi Llhrwks, 6 

* ’’Pretty PiintlriE" ' ExImBlvcOn tine Help 

/I mf Lxrfj; Mart 

Pi$i ON K datumeNiaiiau drudgery! CMfy $S9S 

liHrludes both C++ anU SnutltoLk Code Genemlion 
Call fw a distmi copy 
CbJJ 3D1^]7-!I«1M mr Pnx 3aM]7-l}011 

Bcrard Softwahe Engineering^ Inc. 

IMJZ Wind Rh«r l.n., Suite anj, Gaithersburg, MIJ 20«7W 
Email: info@bse.CDm 
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Listing One (Text begins on page 121.) 


--- — ------- 

** eearch-paa ^ Se&rch engine for IDEMT program 
++ Trie a&arch algorithm ** 

** Copyright (t) 1&&4 by Tom Swan* All rights reserved. ** 

]+. ——-..— - *) 


Luiit Search: 

INtEEFACE 
uLBes ComBon: 

( Return true if Ident la a Turbo Paacal ceeerved word ) 
function 1sRe served{Ident: IdentSt c)j Boolean; 
IMPLEMEHTATIOM 
type 

ReaUord - String[14]; 

FResWordRec = ''ReaWordRec: 

ReaWordRec ■ record 

Word: flesWord; [ Reserved word string ] 

Mextf PReaWordRecf { List link field ) 
end; 


AddHord(’with^); 

AddWordr»or ■} t 
end; 

t Trie aearch algorithm J 

function IsReaetved[Ident: IdentSttJ: Boolean: 
ver 

F; FReeWordRec; 
begin 

IsReserved := false: 

if Length [Ident) ■ 0 then eacit; 

DownCase{Ident); 

P :■ Index[Ident[1]I: 
while(F <> nil) do 
begin 

if P*.WoTd " Ident then 
begin 

IsReserved := true; 
exit 
end; 

P ;>= P^t^ext 
end 
end; 


van 

Index: array[’a' *, 's'! of pReaWordRec: 

I Add word W to list at P 3 

procedure AddLiet[var P; PReaWordRec: var H: ReaWord); 
begin 

if tP <> nil) then 
AddLiatiP^.Mext, W) 
else begin 

P :■ newCPReeWordRec]; 

If (P - nil) then 
begin 

Write In ['Chit of uKraoryM ; 

Halt: 

end; 

P**Word W; 

P^* If ext nil 

end 
end; 

C Add word W to global Index } 
procedure AddWord{W; ResWord); 
begin 

if LengthtW) - 0 then exit; 

AddLlfltdndexiWiin . W) 
end: 

( Initialise aearch engine variables ] 

pracedure Ifiitialize; 

var 

C: Chat: { Index[] array index 1 
begin 

foe C ’a' td 'a’ da 
IndexiCl := nil; 

AddUordi‘and^)[ 

AddHord^'acray'): 

AddWordroBw '): 

Add'Wocd(’begin’)! 

AddWordreaBH^S 3 
AddWacd('canflt')! 

AddWord['construotor’); 

AddWticd{ ’destructor') ; 

Add1*roTd[ 'div'); 

AddHoedt’doT)! 

AddWocdC’downto''); 

AddWord f ’else') ]; 

AddWordi'end'); 

AddWordi'expott'); 

AddWord['oipocts'); 

AddWord(’fat'): 

AddWordCfll*'] E 
AddWordi'for'); 

AddWord[’function')j 
AddWordi'goto' ]•; 

AddWordCif): 

AddWord('implementation’]; 

AddWordCin'l; 

AddWord('Inherited’): 

AddWord(’inline')j 
AddWo rd(’int erfac e'): 

AddWgrd{’labeX'): 

AddWord<’library’]: 

AddWordi’mod'}: 

AddWord['near'): 

AddWord{'nil’); 

AddWord{’not’); 

AddWordi 'O'bject’ J: 

AddWocd(’Qf’): 

AddWotd[’or’); 

AddWord['packed'); 

AddWordi’private'): 

AddWotd('ptpcedute'); 

AddWord t'program’); 

AddWord[’publie '); 

AddWord['record'): 

AddWord t’repeat'); 

AddWord[’set')i 
AddWordC'ahl')! 

AddWord('ehr')j 
AddWord['string'); 

AddWord['then’); 

AddWordi'to’); 

AddWord('type')! 

AddWordi'unit’): 

AddWotdC until’); 

AddWordi'uses’): 

AddWord(‘var’J; 

AddWord('virtual '); 

AddWord['while’); 


begin 

InitialiseE 
end* 

Listing Two 


(» . -.*( 

** comffion^pas — Varioila eonstanta, types* and sub routines ** 

** Copytight [c) 1994 by Tom Swan. All rights reserved. *+ 

3*----------- 


Unit Comnian; 

INTERFACE 

const 

identRtrLen - 64; 
digltSet ^ ['0' *. '9'1: 
upperSfit ■ f'A’ .. ’Z'j: 
lowerSet - ['s' *. 'z'l! 
fllphaSet ■ upperSet t loworSet; 
identSet = alphaSet + digitSet + [’-’I: 
type 

IdentStr = String[identStrLen]; 

[ Return lowarcaae etiuivalent of Ch 3 
function DnCaseiCh; Chat): Chat; 

C Convert all lettera in identifier to lowercase J 
procedure DownCasetvar Ident: IdentStr); 
IMPLEMENTATION 

[ Return loveroase equivalent of Ch 1 
fwiction UnCaseiCh: Chat); Chat; 
begin 

if Ch in lapperSet 
then Ch Cht (Crd(C!h) + 32); 

CnCase ;« Ch 
end; 

£ Convert §11 letters in identifier to lowercase } 

procedure DovnCase[var Ident; IdentStr); 

var 

I: Integer; 


begin 

if Length(Ident) > 0 then 

for I I to Length{Ident) do 
Idsntil] ;= IhvCaaefldentll]) 

end: 

begin 

end* 


Listing Three 


.......^._+( 

*+ ident.paa — Convert key word identifiers in .PAS files* ** 
*♦ CWivects key wotda in Pascal listings to loweccaae. and +• 
•* marks them for bold facing. Words are marked using the *• 
•* eyrabols <* and *>. Por example* <*begin*> is interpretod as ** 
•* a bold faced "begin” key word. A word-processor macro could *• 
** search for all <• and *> symbols in the reBulting file and ** 
** replace these with bold face on and off commands. ** 
** Copyright [c) by Tom Swan* All rights reserved. •* 
)* --—-....-.....•) 


[$5t+} [ Enable ''extended” syntax J 

program Ident; 

uses Dos. Cedranon, Search: 

const 

bakExt = '.BAEi'; [ Backup file extension } 

tempExt ■ ' .3-S$': { Temporary file extension I 

type 

PStrlng » ^String; 

FListRec = ^TLlstRec: 

TListRac " record 

Path: PStrlng; 

Next!: PldatRec 

end; 

TState = t 

Reading. Chkeommant, Comment!, Comment2. Etopconnaent. 

Stringing* Converting 

); 


var 

FileSpec: ComStr: 

Root: FListRec; 
DellmitWorda: Boolean; 
Gapidentiflers: Boolean: 


£ Files entered on command line ) 

£ File name list toot pointer ) 

£ True to add C* and to reserved words } 
£ True to capitalize non-keywotds } 


(continued on page 144) 
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Listing Three (Listing continued, text begins on page 121,) 

{ Return copy of e strine 5 
function NevStF(3: Strlngl: FString; 
vac 

P: PStringt 
begin 

GetMein{P. LengthfS) + 1) s 
if CP <> nil) then 
PString(F)^ S; 

NewStr t= P 
endj 

C Ketumi tcue If InF is successfully converted to OutF 1 
function ConvertIdoiita(vflr InF. OutF: Text); Booileans 
vai 

Ch, PuflhodCltJ Ghnrf 
State; TState; 

Identifier : IdentStr; 

function GetChCvar C; Char); Char; 

begin 

if PuahedCh <> #0 then 
begin 

C PushedGh; 

PtiehedOv 1= i0 
and else 

fteaddnf. C); 

if [G ■ fH3) or fC ■ #10) then 
begin 

if (C ■ #13) then 
WritelnCOutF); C Start new line ] 

C #0 C Ignore new line characters ) 

end; 

GetCh r- C 
end; 

procedure lTngetCh(Ch t Char) j 
begin 

PunhedCh CH 
end; 

procedure P|itGh(Ch; Cher); 
begin 

If Gh <3f #0 then 
Vrita(CiutF, Ch) 

end; 

begin 

PnshedCh #0; E pushed charactec } 

State Heading; 
while not eof{IpF) do. 
begin 
GetCh(Ch): 
case State of 
Heading: 
begin 


case Ch o£ 

'(' ; State ;■ ChkcQffliMnt; 

r State l= Cownentl: 

; State r* Stringing; 

end; 

if Ch in alphaSet then 
begin 

UngetGh{ChJ; 

State ;= Converting 
end else 
PutChtCh) 

eiid; 

Chkconiraent: 
if Ch ■ then 
begin. 

PutCh(Cb}; 

State Comment2 

end alee begin 
UngetCh CCh); 

State !■ Reading 
end; 

GonDantl: 
begin 
PutCbtCh); 
if Gh ■ ')' then 
State := Reading 

end; 

GammantS: 
begin 
PutChECh): 

If Ch. - **’ then 
State StopcoimEnt 

and; 

StopcoBmentE 

begin 

PutCh(Gh)! 
if Ch = ')’ than 
State Reading 

else 

State := CoBnBent2; 

end; 

Stringing; 

begin 

PutCb(Ch)i 
if Ch " then 
State Readina; 

end; 

Gonvertlng; 

begin 

Identifier :■ ''; 
while Ch in IdentSet do 
begin 

Identifier Identifier + Ch; 

Read (InF. Ch) { Jlote; Don't call GetCh heret 1 
and; 

if laReeervadfldentifier) then 
begin 

DownCaseCIdentifier]; 
if RelijiiltWorda then 

Identifier *<*' + Identifier * '*>' 
end eiae 

if CapldentifiecB and (Length(identifier) > 0) then 
Identlfier ll] := UpCflfle{IdentifietU]): 

Write(OutF, Identifiar); 

UngetGhtCbis 
State Reading 
and 
end 
end: 

If PuehadCh <> #0 then I Write poflelhle pushed lait char that } 
PutCh(Ch); t seta eof() to true, j 

ConvertIdentfl true 


t Convert one file specified in Path string J 
procedure ConvertOneFilefPath: FathStr); 
var 

Raault? Ihteget: 

BakF, InF, OutF: Teitt; 

TenipWanie. &aWilHHie: PathStri 
Marne; NameStr; 

Dirf IHtSttf 
Ext; ExtStr; 
begin 

Write(Path); 

Assign[InFI Path): 
t$l-l RaBat[InF)t C$it3 
if loReault <> 0 than 
WfiteluC *«Ertat opening file') 
olee begin 

FSplitCPath, Dir, Mame, Ext); 

TempNaae ;«= Dir + Mane +■ tampEKt; 

BakName Pir + Heme + baklxt: 

Aa B ign(OutF. TempNamo); 

CSi-] Rewrite (OutF) ; 
if loEieault <> 0 then 
WritelnC •^Error creating output file') 
slae begitt 

If Convert Id ant a (InF. ChitF) then 
begin 

Close(InF); 

Close(OiitF) ; 

Aseigit {BakF. BakWama); 

($!-] 

Eraae(BakF); 

Result i= loReBult: [ Throw out loReault ] 

RonaxtellnF, BakNaiae) ; 

Rename(Out?, Path): 




del complete imaging to your apps! 
Read, write, display, 
print, process, 

iP convert & ©TIP 


CCITT 3 & 4, JPEG, IZVi 
& LEAD CMP 

Fastest, tightest in the industry 
(Wow in CorelDRAWf) 

7B routines, each with example code. And paste code from two free demo 
appsl LEADTOOLS kits from DOS to NT Call now for full info & demo diskl 

LEAD Technologies, Inc. 

B701 Mallard Creek Rd, * Charlotte, NC 2B2^Z 
(V) 704^9-5532 * (F)TQ4^S48-Biai 'Export only. DD7 
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If IpKeffU-lt <> 0 theai 

WritelnC **Error remailng filesM 
else 

Writelnf done'} 

'Eind else 

Writelnt' ♦•Ettoi: pcoctssing, files'} 


end 


end; 

{ Cgnvert files on ^labdl list at Root pointer } 
prpcedtite C*nvettFlles(LiatE PIilstReci)i! 
begin 

if List ^ nil tllEn 

Writelnt'No files specified^J 
else 

vbile List <> nil do 
begin 

ConvertOnefileCList*,Path*): 

Lint j- Lifft* + Nes± 
end 

end; 

{ Add file petb to list ] 

procedure ListFUefver List: PListfiee; Petb: PathStr); 
var 

E: PLlEtEec! 
begin 
Ncv(P)] 

P'^^Neact ;= List 5 
P^.Path := NewStrfPatkJj 
if P'^rPath " nil then 
Dispose(P} 
else 

List ;= P 

end^ 

C Create list of file names from PilaSpec string } 
procedure ListFilestvar List] Plii3tllet}| 

var 

Sd SearcbRjec; 

L: Integer! 

WdDitj DlrStc; 

Path: PatbStt! 

Dir; Dit^tr; 

Nans: NameStr; 

Ext: EjctStt; 
begin 

GetDirtfi. OldDir}; 

Path PEiparid(FileS|iec) t { Add path info to file spec 1 
PSpliti[Fsth, Dir, Naow, Ext); { Separate Path components } 

L ;= Length(Dir) ; { Prepare to change directories ) 

if L > 0 then 
begin 

If [Dir[Ll = '\'3 and (L ^ Ij and tDlr[L - Ij <> rh«n 

DeleteCDir* L- Ij; t Inanre that ChDit will work 1 
ChDirfDlr) C Change to location of £ile{a) } 

end: 

FindFirstiPath, 0, Sr}; 
while DoBirror = 0 do 
begin 

Path FExpand(Sr»Nase}; 

LlatFlle(List. Path) ; 

FindNextESr} 
end; 

ChDir (QldDir) 
end; 

{ Display instrnetlofia J 
procedure Instruct: 
begin 

Writeln('Dse -h option to surround reserved words with"}: 

'Wtiteln{^C« and *> for bold-facing in a vord processor.*); 
Writeln{’trae -c option to capitalize non-keyword Identifere,') i 
Writeln; 

Wrlteln(’HARNIS'G: After conversion with -b- the Hating will'); 
UritelnCnot compile. Use -b ONLY on a copy of original files.'); 
Writeln; 

Writeln{'ea. IDEHI single.pas*); 

WritelnC nf^flT -b one^paa twonpas']; 

Writelnt'' IDE33T wild?? .pas -h ^.pas') 
end; 

{ Main program initiftllsatlona } 
procedure Initialiaa; 
begin 
Writelni 

Wtiteln(*lDEMT — tC) 1994 by tom Swan'); 

Uriteln(*(kinverts Pascal reserved worde to lovercaae-') : 

Writeln: 

foot nil; f File name list is empty 1 

DelimitWords := false; { Normally do not add <* and *> to words ) 
Capidentifiers falae t Nonsally do not capitalise other identa 
end; 

{ Hsin prograa block ) 
var 

I: Integer: 

begin 

Initialize; 

if FarasCount ■ 0 then 
Inetruct 

else for I 1 to FaramCount do 

begin 

EileSpec ParamStc[I)i 

If CfileSpec = '-b*) or (FileSpec - '-1*) than 
DelimltWords :■ true 

else if tPileSpee ^ '-o') or (FlleSpec * '-Cj then 
Capldentiflere ;= true 
else begin 
MatFlles{Pjoot); 


C 'Start file name search ] 

[ Continue while files found ) 

{ Expand to full path name ) 

{ Add path to list } 

C Search for the next file } 


[ Directory aeerch record 1 
[ Length of Dir string ) 

{Did directory upon entry to procedure ) 

[ Expanded file specification with path info 1 
{ Directory component of Path } 

[ File name component of Path ) 

{ File extension component of Path } 


J 


CotTvertFilea (llaol;} 
end 


end. 

Listing Four 

Sijb HAIM 
StartOfDocumMit 

EditFind .Find = ■'*<•*'> .'WholeWord = 0, .NatchCase 0, .Direction ■ 1. \ 

While EditEindFoundO 
EditGlear 

EditFind ,P 'IncI = ,yhDleWord - 0. .MatchCaae = 0, .Direction - t, \ 

If Not EditFindFound{i Then 
Stop 
End If 
EdltClear 
WordLeft 1 
Bald 1 

EditFind .Find = *'<*'*1 .HholeWord ■ 0. .MatchCase ■ 0. .Dfrecticni = 1. 

Vend 
End Sub 

End Listings 



VIBTUAL REALITY 


For Your Desktop 
nnd Beyond... 


WorldToolKit™ for Windows™ 


Tlte power of intemttive 

3D visualizaticm has arrived on the 
desktop. WUh the new development 
environment, WorldToolKit^ for 
Windows, C programinETs can create 
novel virtual world applications for 
home enlertainmentn architecture, 
CAD, education, and many 
other fields. 

The core of the WorldToolKit 
development environment Is a C 
library (DLL) of over 400 functions 
that dramatically simplifies the 
process of creating real-time 
interactive 3D simulations. 
WorldToolKit also ships with several 


compiled applications allowing you 
to load in existing Autocad”' DXF or 
3D Studio™ 3DS files and "fly" 
around them using a mouse. 


FiAtUAiS 

« Supports Visual Basic and C/C++ 

• Real-time rendering of Gouraud- 
shaded and textured surfaces. 

• Portability: DOS, Sun, SGi, DEC. 

■ Supports DDE and OLE. 


Introductory price of $795. ID dtuf MSG. 

SENSES Corporation 

PH: 415/ 331.6318 FX: 415/ 331-9148 


«11 uhD e»clsniiifc»<K Ihv prtfMrty dl Ihc^ nspotlvc □; 
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UNDOCUMENTED CORNER 


Listing One (Text begins on page 125.} 


;;; hook from L£5TIITST+JiS6 


lit frciii DDK 'm.mc 
InstDatAStruc atrue 
dd 

TnjfT. inkH dd 

IrmtLitiAddr dd 

InstSizE' dd 

IftstT^e dd 

InstDataStnic enda 


Z ; linked list forward i>tr 
a : linked list back ptr 
T ; Linear addreea of start of block 
7 *, Size of block in b/tes 

7 : INOOS-Field or ALWATfS.Fiald — ignored7 


::: from USTEHST.ISC -- my InatUata struct includes caller address 
lEK-JnatData atruc 

dd 7 

I 1 ; fro* VMK.lPrC 


AddInat_Gallac 
InstPataStmc 
KICInstData ends 


:;; from LISTINST.ASM 
oldaervice dd 0 
Inst, Strung c dd S 
calledr dd 

Data.Buf Jkddr dd B 
ILata-buf-Size dd B 
Data^buf^Handle dd B 
Inst-Data-Bount dd B 


return value from tlook-Bevice-Service 
InstLinkK frotu Ins tDateStrue 
address of -Addlnetaiicertem caller 
created with ^FegeAllDCate PG_SY5 


nuBber of instance items seen so fat 


;;; fron LXSTIK51.AH 5ys_Critical-riiit handler 

;Instancing of the first byte In the 1st KB in ordar to get all calls to 
’-AddInatancelteJn befor List Inst _Sye_Crltical_lnitH The -Addlnetancelte*! 

:service chains the InstData&trucs together to a sorted double linked list 
3 via InatLinkF end iustLinkB, 

llf the LinkF field is -1, no other calls were toade. 

;If LinkF <5 -1. then it represents a call to _Addlngtancelten caused by a 
tsysteB.ini ^ entry "LOGAITSRS" tsr^name". The VKH instances the whole TSR, 
;the first 16 Byte represents the MCE of the PSP. So we can determine the name 
[Of the fully instanced TSR. 

mov KH^Instance.InatLinAddc.fl 
nwv KH_In stance.Inat Size,L 
BOV KH^Infltance.IirstType:*ALWAYS_FlELD 
DK>v eal.offsetlZ RK_Instance 
VMMcall -AddluptHnceltein (esifB> 

enp KH_InBtance.InBtLinkF,^l ;any LOCALTSELS ^ 

nnlocal 

■ov esiKDLInstancfi.InstLinkf lyeflr get it 

loclp! BOV Inst _ St tuc-Ptr.es a 
BOV calladr/LTSR' 

csll addinst [add instance item to our list 

mov asi. lesi.InstDataStmc.lnstLlnkF] [get next InetllataStruc 


enp esi.-l jno more stmcs7 

jne loclp 

nolocal [BOV aax. ^ddlnstanceXtem 
BOV eai,offset32 myheok 
VMHcall Kook-Device-Sersfice 
BOV [oldeervlce].esi 

BeginFcec Hooked JLddlnstancelteB 

; the AddlnatanceXteui Hook stores the csllets address 
[ and the instance data pointer in the. Inst.Data„Buf buffer, 
myhook[ 


puah ebp 
mov ebp.esp 
push Eebp+0ch] 
push [ebp+B] 
push [ebp+B] 
pop Inat_£truc_Ptr 
push iebp-i-4] 
pop calladr 
call Joldaervite] 
add esp.S 
pop ebp 
emp eax.B 
je eJclt 
call addinst 


Flags 

Instance Structure Fointer 


get caller's return addressII 
call original -Addlnstanceltera 

error in -AddinstanceItea 7 



CONVERSE WITH YOUR PC 
and receive an intelligent reply ! 

Artificial InteEligence specialist Joseph Wemtntub has won the 
Loebner Pri^e for Artificial Iniclltgence three years in a row. 
Weintraub is president of Thinking Software. Inc. in ^993 , at the 
Boston Ck?mputer Museum, his PCTlierapist became the first 
program In histury to pass a limited Turing Test and win the 
Loebner Prize for Artificial Intel licence. PC Therapist 
convinced five out of the ten judges conversing with It that it 
was a hunian - not a computer program! Then in 1992 
PC Professor, a program that talked about Women^s Ub won 
the Loebner Prize again. Finally, in December of last year, Joseph Weintraub's 
PC POLITICIAK told Clinton a thing or two and won the prize for the third year 
in a row. PC POLmCIAN asks the provocative question "Are you a good solid 
conservative or or a liberal pieoe of fruit?" 

Now uEl this award 'winning technology is available to run on your own P(^l 
PC Therapist III is text only, and is $59,95. In the animated PC Therapist IV 
a clever, bearded Therapist moves his eyes and mouth as he talks thru your 
pc Speaker...-he will have you howling with laughter in no time for $69 - 
for the smooth talking silicon buddy you’ve always wanted add $tS.95 for 
the SoundBlaster or Covox Version! 

PC Politician is great for Presidents, Lawyers and Speech Writers! Yes^ 

Bill, wc have a free copy just for you^-.please drop us a note for your FRET; 
PRESIDENTIAL COPY, All you other clods & freeloaders send S119.95. 

Includes FREE Expert Talking Demo Disk and 
3 BIG Catalogs fall of more unique software! 

W'e always pay pestage 

Please specify disk sixe or we ship 3.5" 

* Talking Demo Disk & Catalogs only send $5 to 
THINKING SOFTWARE, INC, 

46-16 65TH PLACE - Dep t SXS21 
WOODSIDE, N.Y. 1077 


Quaiiiy Software for the PC since 19S6 


I AMEX, VfSA, MC ORDERS 
fAX (718} 898-3128 
PHOtiE (718} B03-363B 


: add Instanc# Item to ouc list 

e*it: ret 

i 4**•*******■*********** * **********************« ******* * « ******** * ********** 
addluBt ^ adds bU iustance item tu list. 

INPUT; calladr - address of callar of ,AddInstaiiceItem 
Inet-Struc-Ftr - address of XnstOataStruc 
OUTFUT; hookarr ■ -1 - error growing Data_Buf 
hookerr = B - all 0,K, 

*********** ******** *********** *+++ * ************************** ********** * ***** 
addinst:push edi 
push saL 
push ecx 
push eax 

hookS^; BOV edi.Data-buf^ddr 

BOv eClt, last-Data-CaUUt 
imul ecz.aiseof KH-InstData 
add edl.ecx 
piLsh edi 

add adi.sizaof KM-InatData 
mov eex.Bata^Buf J^ddr 
add eci.Dsta-Buf-SiK'a 
entp edi.ecx 
pop edi 
jl hookl 

mov ecx.DatQ-Buf-Size 
add OCX,X^BBh 
shr ecx.Bch 

mov edK,Data-Buf-Handle 

VEWcall -PageReAllocate <EDK. ECR, PAGEZEROIKIT) 
cP5p aax.B 
ja hookerr 

add Data-Buf_Size,H300h 
mo v Data -Buf ..Jandl a, eas. 
mov Dflta-Buf-Addr.edx 
Jfiip hook2 

hookl: mov eax,calladr [save caller"i address in buffer 

atosd 

mov esi.Inst-Struc-Ptr 

mov Eci.{aizeof InatDataStnic)/4 

rep movsd [save instance data struc 

inc Inst-Data-Couiit 

hiOokret:pDp eax ;next offset pair 

pop ECX 

pop esl 
pop adi 
ret 

hooker r:mov book-er r,-1 
jffl|i hookret 

EndProc Hookod-Addlnatanceltem 


EmI Listing 
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PROGRAMMER'S WORKBENCH 


Listing Four (Listing continued, text begins on page 92 J 

void CGA(iirapiiDrivBrt:DEAw(CDC CUocdMAtcix ySrid) 

[ 

return count ; 

J 

//Returns the total number of connect lone in the graj^h 
int CGAGtaphDrivecs 1 GetConnectivityO 

(jPeo •pPeffl “ i(CPen *} dc.SelectStoekOhjectCELACE-PEK) ; 

i 

for tint rov = & ; row < m_GridIteigiht: row++) 

Int eouitt ^ 0 I 

for (Int col “ 0 j col < m_GrldVldth 3 col++J t 

for (WORD nodel!=0;nodel'hm-!4umjGraphNodes:nodelt+] 

if £Grid[rawHcol] 8= EHPTlf_CELL) { 

for (WORD nodes =03nodes<m-MuinG£aphModefl 3 node2++) 

int 3cl ■ col * [<1ELL_WIDTH + CELL^SFACT) CELL-SPACE ; 

if (nodel 1= nodeS Sili ■-pGraph->GetAt(nodei.ngdel)) 

int *2 = jEl + CELL-tflDHI ; 

count ++ 3 

int yi * cow t [CELL.HEIGHT CTX.SPACE]- + CELL.SPACE ; 

return count ; 

int y2 = yl + CELL-HEIGHT : 

} 

dG.Empaetitl.yl,i2.y2) ; 

void OGAGraphPriver;;Stop{) 

char buffer[4] ; 

{ 

flpc intf (buffet, ^ Grid [ row] [ col ]) ! 

nLStop = TRUE 3 

dc. TextOut {xl +CELL-WIDTH/ 4, yl+CELL-HElGHT/ 4, buffer. 

} 

fittied(buffet)) : 


1 

) 

Listing Five 

//draw arcfi 

for (lot tiodei ^ 0 i tiddel i m HumGtaiihlfodea: iiodelf+) 

//File; GHAPHGA.H 

for (int node2 = 0 ; node2 < nLBumGrapliJlodeB; nodel++) 

ttiftidef ^.GRAPHGA^H_ 

if («_pGrepb->CetAt(node!*node!)) C 

ttdefin* ._CRAPHGA-H— 

int rotfl, coll : 

Gt id H Find (node rowl- colU : 

//Headers needed for EjOS prograns 

int row2. eol2 : 

//You need BOS vKl to coEspile this code 

Grid.Find(ngde^i row2, eg12) : 

Sifndef ..BASICGA-H 

int il ■ coll * (CELI.„>frDTH + CELL-SPACE) + CELL-SPACE ; 

inc lude '^basiega. h‘' 

int *2 = col2 * (CELL-WIDTH t CELL-SPACEj + CELL-SPACE \ 

#endif 

int yl - fowl * {CELL.fiEIC3IT + CELL-SPACE) + CELL-SPACE : 

Int y2 = row2 • (CELL-HEIGHT + CELL-SPACE) t CELL-SPACE f 

class CGrapbDraverGA 3 public TBasicGA 

if [xl < x2) 
xl += CEU-WIDTE ; 

( 

publics 

else 

CGraphDrawarGA(GGAGraphl>[iveE ^driver) ; 

if (x2 < xl) 

void CteatePop(iilatig.n(lon| aiaeK PTIndlvidufll prototype * NULL) 3 

i2 ClLL-WrilTH ! 

void ExitHoportO ; 

else 

private 1 

if (xl =■ x2) t 

BOOL StopO : 

if (Absirowl - row2J > 1) { //route around[ 

void luterGeneration(ulgng, PTIndividiial, PTIndividual. PTIndividual, 

yl += CELL.WIIlTH/2 t 

FTIndividual) : 

y2 += CELL_WIDTfl/2 ; 

OGAGraphDriver & Bi-Drivei: 3 

Int jlS ^ xl ‘ CELL_WIDTH/2 t 
dc.MoveTo[xl,yl) ; 
dc-LdneToCxlnyl) { 

): 

#endif ' 

dc.LliLeToix3.y2) i 
de.LineTgi(x2.y2) ; 

Listing Six 

continue i 
) 

//File: GRAPHGA.CFP 

xl +■ CELL.WIDTH/2 ; 


x3 += CELL-WIDra/2 : 

} 

if (yl < y2) 

# include "stdafx.h" 

//Headera needed for EOS prograiaa 

yl +■= fIRf.T. ffRTiTHT j 

//You need EOS vl.l to compile this code 

else 

tinclude •‘aog.h*' 

If (y2 i yl) 

# inc lude "geno.h'' 

y2 *= dmElCHT ; 

#include "baaicga.h^' 

else 

#include '’nptxgenci.h" 

if (yl = y2) { 

ttinclude "genrepop.h^^ 

if {Mig(eoll - col2) > 1} C //route aroundt 

#include "gaenviro.ti" 

if (xl < x2) C 


xt -= CBLL_WIDTH/2 t 
xZ +■ CELL_WIimi/2 : 

} 

else E 

xl += CELL-WlKra/2 J 
x2 — CELL.WIETH/2 ; 

} 

Int y3 ■ yl - CELLJiEH^/2 S 

//headers specific to graph GA 
#include "'gdrlver.h'* 

#include "gtaphga.h" 

#include "graphind.h'' 

1 include ’'grphphen.h" 

#include "wmatrlx.h" 

CGraphUc awe cGA:: CGraptiDrawecGA (OGAGraphDriver Sdr iver) 

de.KoveTo(xl ,yl) ; 
dc. LineTe (xl. yS) i 

; B-DrIver(driver) 

( 

de.LiTiero{x2,y3) ; 

) 

dc.LineTci'(x2.y2) j 

//Create the population of indlvldualB 

continue ; 

//We use 2 Foint Crossover and llitiem 

1 

void CCrapbDraverGA;:CreatePopulBtion(long size^ FTIndividual prototype) 

yl t=: CTLL-EEIGeT/2 ; 

[ 

y2 CELL-Hi3 GOT/2 3 

) 

//Create a genotype with 1 chromosome and 2 point crossover 
//The graph driver is queried to detenadne the chroagaome length 


PTMPtCtaflflGenotype pGsno ■ 

dc.MoveTo(xl.yl) j 

new TNFtCroasGenotype {sL-Oriver ► Cal cChromoaomeLength ()»i 4 2) t 

dcHLiiieTD(x2.y2) ; 

GGraphDrawingPheno * pPheno =• 

J 

new CGraphD ravingFhena (m-Dc ive r, m-Driver, GetWidth (). 


m_Drlvat.GatHeight(}) j 

dc.SelegtCbJeut(pPen J ; 

OGraphDrawinglnd indlvtpGeno.pPheno); 

J 

■-pFopulation - now TGanReplacePopulatIon(siae,Alndiv) ; 

//Caltuiaxe tbe lengtb of the cbtgttosgkie needed to enci^de 

m.pFopulatiQn->SetElitism(2) 3 

//a drawing of the graph in a grid 

} 

tllOT CGACraphDtiver i: jCalcChrgBosgueLengthO const 

//Whan the GA is done set the beet and voret individuals in the driver 

i 

void CGraphbraverGA::Exit Report() 

return ■i_NuniGraphNodeB*(GetihimBitgToErit;Dde(3i]-GriiJHelalit) + 

t 

GetHuinBltsTgBncode[B-GridVldth)) ; 

m-Dciver.ni-pEeBt - iD-pEnviroTiment->GlobalBitteStIndivid ; 

1 

HIOT CGAGrapihDclvec: :CalcRowAlleleLength() confit 
i 

m-Dtiver.m pWorat = iiL.pEnvitonflieiit->GlobalWorfltIndivld 3 

3 

//allow for windows procaeeingE 

return (UIHT) GetNuiiLBitaToEneoda(E.GcidWidth) ] 

void GGcaphDrawerGA:;InterGeneration(ulong» FTIndividual* FTIndividual. 

} 

FTIndividual, FTIndividual) 
t 

N3G mag t 

Cllfr CGAGraphDrlvei: :CalGColAllel«Lfuigth() const 

{ 

//while there ere msgs for etatue window 

return (HINT) GetHuj]lBitsTdEncDde(iii.GrldHelght) ; 

while (FeekNes sage (fimsg.AfxGetApp [) - >m- pHaluWnd“> 

I 

//Hetum THOl if nodel is connected to node2 

BOOL CGAGraphDriverj 3 Connected (WOlJD tiodeln WOED node2) const 

C 

return w-pGrH[;b->GetAt(nodel ,node2) ; 

n 

iiLh¥nd,0,0,FM_RSMCVE)) [ ' 

Tran0lateHessage(S3neg) 3 

DlspatchHesfiage[&mcg) : 

] 

SetCursor(LdadCursor(HULL, IDC.HAIT)); 

T 

//^ calls this function to determine If It should stop 

J 

//Eeturna the nuraber of oonneetion leaving node 
int CCAGraphDriver: ^GetNuBConnections (WORD node) const 
{ 

int count * 0 i 

BDOL CGraphDrawerGA;; StopO 
{ 

return m-Driver.m-Stop : 

for (WORD i=?03i^ia-MumGraphNodeB:i++) 

1 

if (i node b„pGraph->CetAt(node,1)) 

oount+t : 

End Listings 
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OF INTEREST 



To kickstan PowerPC application de¬ 
velopment, Apple's APDA group has 
announced a number of Macintosh- 
based piogrammer tools fcjr yet-to come 
PowerPC-based Apple computers. The 
'‘Macintosh on RISC SDK'' includes tods 
for creating new applications or porting 
existing Macintosh applications for fu¬ 
ture Apple PowerPC-based PCs, At the 
same time, Apple introduced the “Mac¬ 
intosh-with-PowerPC Starter Kit” and a 
comprehensive, self-paced training 
course entitled Programmer's Intraduc¬ 
tion to RISC and PowerPC. Additional¬ 
ly. Apple is offering Metroworks' native 
PowerPC development environment, 
Code Warn or. Apple PowerPC-based 
computers are expected to become 
available in the first half of 1994. 

The Macintosh on RISC SDK is an 
MPW-based cross-development envi¬ 
ronment tliat runs on a 680x0 Macintosh, 
generating native code for Macintosh- 
wit h-Power PC-based systems. When 
these Macs iTecome available, you can 
fiuLsh the port by testing and debugging 
your native Mac-witli-PowerPC applica¬ 
tions. The Macintosh on RISC SDK in¬ 
cludes a C/C++ compiler that generates 
optimized code, PowerPC assembler, 
two-machine PowerPC debugger, uni¬ 
versal system header files tor botli SSOkO 
and PowerPC processor-based platfomxs. 
MacAp]-) 3-1 (Apples object-oriented aj> 
plication framework), Apple Installer 4.0 
(which is capable of installing either 
680x0 or PowerPC environments from a 
common set of files), Ml^W DOTclopment 
System 3-3, a PowerPC linkei; I mild tools 
and scripts, and sample applications lor 
Mac-witii-PcwerPC. 

The Macintosh-with-PowerPC Starter 
Kit includes detailed technical documen¬ 
tation alxmt both the PowerPC micro- 
processoj- and System 7 for Macintosh 
witli Pcwerrc. ^\rric5ng otlier infoiTnation, 
tills Idt includes Motorola’s PotiferPC 601 
RISC Microin-ocessor User's Manual, In¬ 
side Macintosh: Power^FC System Sojlimre. 

CodeWarrior is a native development 
environment for the PowerPC-based 


and 680x0-based Macintosh that lets 
you create applications for botli plat¬ 
forms using die same source-code base. 
CodeWarrior comes in three versions: 
Gold, Silver, and Bronze, Gdd, the most 
comprehensive, includes development 
releases of C/C++ for the 680x0 Mac 
and MaC”With-PowerPC, a development 
release of Pascal for die 680x0 Mac, and 
C/C++ cross-compilers. Silver supports 
native PowerPC development only, and 
will be released when Apple ships Mac- 
with-PowerPC systems. Bronze supports 
680x0 development only. 

The Macintosh on RISC SDK, avail¬ 
able in prerelea.se with an automatic up- 
grade, sells through APDA for $399 00, 
CodeWarrior Gold (also prerelease) for 
$399-00, the PowerPC Starter Kit for 
$39.95, and the Programmer’s Intro¬ 
duction for $150.00, Alternately, the iool 
sets are bundled, selling for $849.00. 
Reader service no. 20. 

APDA 

Apple Computer 
RO, Box 319 
Buffalo, NY 14207-0319 
800-282-2732 

A library of encryption tools imple- 
menied as linkable objea modules and 
Windows DLLs has been released by 
AT&T. The library ineludes RSA, DBS, 
El Gamal public-key, Secure Hash, 
MD5. and Diffie-Hellman encryption 
technology'. 

The code modules are packaged as 
SecretAgent (DES, El Gamal, and DSA 
digital signature), SecretAgent II (DES, 
RSA, and MD5), Surety (D.SA), and Se¬ 
en reZ modem (DES using Zmodem 
protocol). 

Prices for code packages containing 
DSA are $750.00 for DOS/Windows, 
$1000.00 for Macintosh, and $1250.00 
for LJNIX. Packages that include liSA sell 
for $300.00 for DOS/Windows, S400.(X) 
for Macintosh, and $500.00 for UNIX. 

The ticense allows programmers to 
load the code into two workstations for 
devekipment purptjses. Royalties are re- 
qimed for software distributed to end 
users. Reader service no. 21. 

AT&T Secure Communications Systems 
800-203-5563 

Visual Xbase, a visual application- 
development tool for Xbase and C pro¬ 
grammers, has l>een released by Kytech 
International. Hie tool includes a 3-D 
screen designej' with an integrated, in¬ 
telligent data dictionary, workbench, and 
a flexible, self-optimizing rnultidialeet 
code generator. 

Visual Xbase supports FoxPro 2.5 
(DOS and Windows! Clipper 5.2, dBase 
(IV 2.0), and X2C, an add-on tliat con¬ 
verts Xbase code to C. In each case, the 


tool generates code optimized to the se¬ 
lected language. It supports queiy^ by ex¬ 
ample, incremental table searches, filter 
by example, data-integrity searches, caL 
culated fields, key checking, memory 
variables, cascaded deletions, and more. 

Visual Xbase sells for $49!95. There 
are no nin-time license fees. Reader ser¬ 
vice no. 22. 

Rytech International Inc. 

2 Stamford Landing, #^100 
Stamford, CT 06902 
203-357-7812 

Mathematica toolkits for electrical en¬ 
gineering, signal processing, control 
engineering, statistics, fin^mce, and sim¬ 
ilar disciplines are on the way, Tlie first 
in the series is the Electrical Engi¬ 
neering Pack, which covers topics 
ranging from elementary to advanced 
and includes examples in circuit anal- 
y.sis, transmission lines, and antenna 
design. The EE Pack also covers Bode, 
Nyquist and root-locus plots, Smith 
Charts, and antenna-field patterns. New 
functions, which extend the original 
Mathematica product, are specifically 
aimed at the EE problem domain. Full 
source code for the examples is also 
included. 

The Electrical Engineering Pack is 
available for the Macintosh, Window^s, 
and X Window System and is priced 
at $195.00. Reader service no. 23. 
Wolfram Research 
100 Trade Center Drive 
Champaign, IL 61820 
217-398-0747 

Applied Ctyptograpby: Frotocokf Algo- 
fiihins, and Source Code in C, by Bruce 
Schneier, has been published by John 
Wiley & Sons, In its coverage of cryp¬ 
tographic protocols, techniques, and al¬ 
gorithms, Applied Cryptography is per¬ 
haps the most complete book of its 
kind. For instance, Sclineier (who is a 
frequent DD/contributor) unravels vir¬ 
tually all block algoritlims (including the 
NSA-backed Skipjack), public-key al¬ 
gorithms (from RSA to cellular auto¬ 
mata), one-way ha.sh functions, random- 
sequence generators, and special 
algorithms for protocols. In addition, the 
lxK)k provides over ICX) pages of pub¬ 
lished source code for many of these 
algcmthms. LilcewLse, Schneier's 35’page 
reference and bibliography seaion (list¬ 
ing over 900 sources) is of particular 
value for research. 

The 618-page book sells for $44.95 
(ISBN 0-471-59756-2), Reader service 
no. 24, 

John Wiley & Sons Inc. 

605 lliird Ave. 

New York, NY 10158 
212-85CC6000 
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C CODE FOR THE PC 

source code, of course 

Graphic 7.0 (h igh tioiif sdentiSc plots in color & tmrdcopy^ contoiirp]ot£, device ttldepende^c€) ................. $370 

X^OS and At^OS {Xlib with X client and Xi toolkit for DOS; port X code to DOS; Xt/DOS requires X/DOS and 32-bit compiler) . . eadi $300 
ZIP Image Processor & Victor Image Library Version 2.2 (brightness^ contrast, merge images, TlI^/GIF/PCX/bin, HP ScanJet support) . . $290 
TE Editor Developer^s Kit for Windows V3.5 (full screen editor, undo command, word processing; TER forapplicalton build-in; no royalties) $280 
CVC+ + Libraries ny Code Farms (persistent C structures, HR models, dynamic arrays^ database functions, Jolt Award winner; sped^ Cor C++)$250 

TTurboT^ (Release 3.0; HP, PS, dot drivers; CM fonts; LaT^; MeiaR>nt) ... $2S0 

Rogue Whve toots.hH-+or math.h+H“ Class Library (extensive docs)...... each $240 

NEWI Crusher! VZOO (ptatfonn-independent data compression for network transfer, beats PK & LH on binary; directory trees; portable C) . . . . $215 

COMM-DRV (complete intemipt-drrven seriaJ communication libraries & device drivers; full source) . ... . ...... $155 

TE Editor Developer’s Kil Ver. 3.0 (full screen editor, undo command, multiple windows; with W^rd Processing $230) ..$155 

Mink Operating System (Version 1.5; Unk-like opeiuling system, indudes manual; specify 5.25“ or 3.5"* diskettes) ..$150 

XASM (cross assemblers & utility programs; 65xx, 6Sxx, SOxx; Intel or Motorola hex format; macro preprocessor).. $150 

Ddorie GCC for MS-DOS (Version ZZ2; includes C++, assembler, DOS extender, 387 emulaUoti; complete source code and makefiles) . , $150 
Updated! Moby C™to (PGP, DES, Secure Hash, UFC, MDs, Crack 4.1, Lucifer, IDEA, VCR+, large integer pat^ tutorials, more; not for export) . . $150 
Lisp for DOS (J&oto Common Lisp and CLISP; KCL includes Usp-lo-C translator for building mked ListVC programs) $140 

Ibr^ (Version 4.1; programmer’s Windows-based editor; targe files, help, undo/redo, draj-n-drop, function & type tags) ......... $135 

Updated! SCM (portable Scheme in Q IEEE standard, indudes JACAL symbolic math package; SCM-4D0ySLIB-lD5/JACAI^lA3) .. $100 

PCyiP (CMU/MfT TCP/IP for PCs; Ctynwr drivers, NFS server, Bdale mailer, PCRoute/PCBridge, NDIS/ODI drivers, Beholder, more) . . . $100 

DA (disassembler for Microsoft's New Executable (N^ binary files induding Wjndciws.exe* .drv, .dll, and .lit) . ..$95 

Scrmt Interprcter (a command script interoreter for DOS-bas^ systems; C-like script language; lots of features) ............. $90 

CELP 3.2c federal Standard 1016 Code ^dted Linear Predictive voice sampling and encoding; voice ever 4.8Kbps; Unk code) $80 

CPPCOMM (C++ serial communications dass library for DOS, Windows, OS/2, and NT; includes X/Y/Zmodem)...$75 

ET Neural Net (back error propagation and Kohonen).. ......... . $75 

FlocList (doubly-linked lists of arbilraiy data with multiple access methods; specify C or CH-+) ... $65 

KkrDateUb (all kinds of date manipulation; translation, validation, fonnatting, ^arithmetic) ... $60 

Coder's Prolog (Version 3.0; inference engine for use with C prr^rams).....$60 

Updated! PCCTS Version 1.10 (Purdue Compiler Cbnstructi on Tbol Set; like YAOC and LEX together with lots of addition aJ features) ....... $60 

Container Lite VI.82 (C++&FLC wrapper emulators; portabk,persistent containers of arbitrary data induding pointers) . ....... $50 

BigFloat (arbitrary predsion floating point arithmetic and functions; includes BCD conversion) ..$50 

E2^]c (ASCII algebraic expression evaluator, unlimited parenthesis nesting, symbols, 32 built-in functions, easify extended) ....... $50 

Backi^ s Restore Utility by Blake McBride (multiple volumes, file compression & encryption) ..$50 

CUPS Version 6.0 (rule-based expert fystem generator; Windows compatible; manuals on disk) ....$50 

Si^rGrep (exceptionally fast, revolutionary text searching algorithm; also searches sub-directori^) ....$50 

OBJASM (convert .obj files to .asm files; output is MASKTcompatibl^ . ...... $50 

Editor Pari (20 public domain editors; micromacs 3.12, Stevie, Elvis, Moke, mg2a, DTE, Jove, Origami, CE &. GRIEF) ... $50 

Exceptions for C (Ada+ike exception handling for C pit^iams; exceptions for any block; exceptions can be reraised) . . . ... . $45 

DES Enciyption & Decryption (2500 bits/second on 4.77 MHz PC for on-the-fly enciypUon at 2400 baud; not for export) .$40 

Database Pack (9 databases-simple to complex: Isam, bptus,AVL, SDB, ID, gdbm, Requiem, IngresS9, Postgres) ............ $35 

COP (poor man*s C++; C macro package wnlch Implements C++in C) ..$35 

NEW! OCT ^bject CTianslator, essentiaJly Brad Cox"s Oojective-C Version 4) .... $35 

RXC & EGREP Version ZO (R^ular Expression Compiler and Pattern Matchi^; finite state machine from regular expression) .. $35 

Bison & BYACC{YACCwoncaUke parsergenerator documentation; indudea Cand C++grammar^.. , . , . $35 

Spell Pack (6 spelling programs, a hyphenator, 2 utility packs and a 60K word list: Ispell, Miciosp, Sp, Cspella, Spell, Dawg, Soundex) .... $30 

REGX Plus (version ko, search and replace string manipulation routines based on compiled regular expressions).$30 

GNU Awk & DM for PC (both programs in one package) .................................... $30 

Big Number Pack (7 arbitrary precision arithmetic pac^ges in C, one m Fortran but &ee Fortran-to-C converter is included) .$30 

Crundi Pack (30 file compression & expansion programs; now includes portable ZIP) .. $30 

NEW! OORT (C++ray tracing code from the book by Nicholas Wiin .... $30 

OEmacs (full GNU Emacs for DOS and Windows DOS box; C++support, etags++, lots of .el files) ..$25 

NEW! CT®k Version 2.22d (robust MS-DOS multitasking kernel; C functions run as Ugh+wei|ht processes; mailboxes, inleiTuptSi pipes, etc.) , . . $25 

PERL for MS-DOS ^ersion 4.019; C, sed, awk, and shell all rolled into one language; mdud^ hardcopy docs). $25 

Updated! FLEX Version 2.4.3 (fast lexical analy^r generator; new, improved LEJQ ............................. $25 

GNU RCS (FSPs version of the Revision Control System; lite Unfx"s SCfcS only better; keeps track of software development) $20 

Data 

Moby Uiesaums 11 (6,000 root words, Z5M synonyms, “common sense", concept related searches) .... $500 

Moby Pronundatctf II (175,000 words & phrases encoded with fullIPA pronundation& emphask points).. $265 

Moby Part-of-Speech II (230,000 words and phrases described by prioritized part(s)-of-speoch) $170 

Moby Hyphenator II (1S5,000 words fully hyphenatedfeyllabi Bed) , ... $105 

Moby Words 11 (610,(MX) words & phrases with Sciabb]e(tm) word list, place names, baby names, acronyms, core list for spell checkers) . . . $100 

CIA Wbrid Bank II Database (13MB of maps, 5.7M vectors; coastlines, rivers, political boundaries; 5.25" HD only) ..$35 

U. S. Cities (names & longitude/latitude of 32,0(X) U.S. cities and 6,000 state l^undary points) . .................... $35 

The World Digitized (100,0(X)longitude/la titude of world country twundaries) .. $30 

CD-ROMs 

BSD/386 (POSDC-compatible O/S; complete development package, full networking, kernel debu^er, X11R5, DOS box; complete source code) $900 

NEW! A1 CD-ROM (er^rt^Fstems, neural networks, genetic algorithms, fuzzy logic, linguistics/nalurafmngua|e) ..$105 

FontMaster 11 CD library (soft fonts for HP and HP compatible laser printers, 36 diflerent type faces; 5,2 jW bit mapped fonts; 300MB) . . . $70 

Updated! Prime Time for Unix (Volume 3, No. 1, Januafy, 1994; over 6GB of Unix C code).. $60 

\^^ut Creek Libris Britannia (over 6(>0MB of the best of British boards; not all source included) ... $55 

NE W! Mailer^s Lookup (Wigit ZIP codes by street address or company name, distances between ZIP codes, phone locations; on-line tool) .... $50 
Unux/GNU/X by iggorasil Computing {1st production release; run from the CD; TCP/IP & NFS; drivers; MPEG; SCSI support; lots more) . $45 

^^nut Creek C User^s Group (Volumes 100 to 364).. , . , .....$40 

InfoMagic Unix (three public domain Unbt systems: 3S6BSD (version 0.1), Linux f^rsion 0.99.10), and NeiBSD) ............ $40 

InfoMagic Source Code (Berkeley Net/2, MACH, GNU, Interviews, X, Andrew, xFree, Demacs & Winemacs, djgpp, Modula-3, etc.) . . , $40 

Knowle^e Media Multimedia (625MB & 13,000 files; 1,232 sounds, 179 books, 100 movies, 114 slacks, 606 programs, 214 mods) ..... $35 

Project efutenberg literature, historical documents, reference books, census data, religious documents, math constants, etc.) ....... $35 

Knowle^e Media ^ngu^es & Operating Systems (640MB of compilera. libraries, and operating systems; source code & executables) . . . $35 

Whlnul Creek XJ1R5 and GNU (XI1R5 with contributed and comp^sourcesjc, over 120 GNU programs, complete C source) . ..$35 

W^nut Creek Usenet and SimteL Unix-C (600MB) ......$35 

\^^ui Creek Giga Games (areade, simulations, card games, education, Irivai, cheat sheets; some source).$35 

Austin Code Wo^ Internet ^rrior #1 {PC Internet tools: Gopher, V^is, Eudora, ph, Nupop, Thimpet, TCP/IP, EAQs, drivers, docs) . . . $35 
NEW! Whlnut Creek FreeBSD (Tferkeley 3Zbit operating ^tem for PCs; bootable) ............................ $35 

NE W! ^A^nut Creek Iboiklt for Linux (Slackware distrubtion and complete Linux archive) ..... $35 

NEW! Knowledge Media MegaMedia 1 and II (images, sounds, movies) ... each $30 

V^nut Creek CI(2A N^dews Archive (Augmt 1993) ... $25 

^^hlnut Creek Simlel 20 MSDOS Archive (C source code but lots of other stuff too) ....$25 

The Ausim Code Voice: (51B) 258-0785 


EVee surface shipping for cash in advance For delivery in Texas add 7% MasterCard/A/lSA 
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OF INTEREST 


(continued from page 148) 
RenderWare, an inceractlve 3-D graph¬ 
ics API for Windcfws released by Crite¬ 
rion Software, supposedly increases 
Windows 3-D graphics performance, 
without ttie need for special 3“D graph* 
ics accelerators. Based on 3-D graphics 
sofirt^^are technology from Canon (Cri¬ 
terion's parent company), RenderWare 
reportedly enables mid-range worksta¬ 
tion performance on a 486/50 PC. 

RenderWare provides a device* 
independent 3-D graphics API, an ob¬ 
ject-based interface consisting of a 
small number of object types, and 
functions such as advanced shading 
and texturing. Typical applications for 


RenderWare include multimedia, visu* 
al simulation, scientific visualization, 
CAD, virtual reality, presentation graph¬ 
ics, and entertainment/games. 

In addition to Windows, the Render- 
Ware API is available on other plattbrms 
such as Macintosh, UNDC (Xll), and 
OS/2. The RenderWare SDK, which is 
priced from 510,000 00, includes a de¬ 
velopment library, debugging library, 
documentation, examples, and demos. 
Reader service no. 25. 

Criterion Software Ltd. 

17-20 Frederick Sanger Road 
Guildford, Surrey 
United Kingdom, GU2 5Yl> 
+44^83-57'T325 


Undocumented DOS, second edition, by 
Andrew Schulman, Ralf Browm, David 
Maxey, Raymond Michels, and Jim Kyle 
has been released by Addison-Wesley. 
Hie liook, spearheaded by Schulman, 
who edits DDps “Undocumented Cor¬ 
ner'’ column, has lieen updated to in¬ 
clude coverage of MS-DOS 6, Novell 
DOS, Windows 3-1, the forthcoming 
''Cliicago'' operating system (DOS 7 and 
Windows 4), and more. 

Like its predecessor, Undoctimented 
DOS, second editiem l:>elongs on every 
PC piognmimer’s I'xxjksheif. 71ie Ixxik, 
with disk, retails for $44.95- (ISBN 0- 
201*63287). Reader service no. 26. 
Addison-Wesley PuLilishing Co. 

1 Jacob Way 
Reading, MA 01867 
617-9*44-3700 

A .set of tools that pirwide progiammers 
with an Al^I for hix*related applications 
has been developed by Sofnet. These 
tools, called the “FaxWorks API,” facili¬ 
tate the development t>f apps that inte- 
gmte fax, OCR, scanning, voice, and im¬ 
age viewing. The API is proprietary, 
however, in that it was developed to 
support Scjfnet fax-related software— 
FaxWorks Pro LAN, FaxWorks OS/2, 
FaxWorks ProServer, and so on. 

Tlie F;ixWorks API forms a protocol 
layer in which other apps can exchange 
information. FaxWorks acts as a server 
when applications ask it to perform tasks 
such as faxing, .scanning, or OCR. It acts 
as a client, however, wlien it asks appli¬ 
cations for daui such as a list of names 
and fax numlx'rs from a phone book. 
Tlie FaxWorks Aid and docTJmentation 
are available free on CompiiServ^e (GO 
SOFNFT). Reader service no. 27. 

Sofnet Inc, 

1110 Norihcliase Parkway, Suite 150 
Marietta, GA 30067 
404-984-8088 

As Ken North pointed out in his arti* 
cle, “Database Development and Visu* 
al Basic 3-0" <DDJ, March 1993), lan¬ 
guages embedded in application 
programs are becoming more and 
more common. In the case of Mi¬ 
crosoft, Visual Basic for Applications 
(formerly Object Basic) is a program¬ 
ming tool currently available only for 
Excel 5.0, but with more application 
support presumably on the way. 
WordPerfect has countered with Word¬ 
Perfect 6.0 For Windows SDK and 
WordPerfect File Format SDK. 

The Wbrd Perfect 6.0 for Windows 
SDK features WordPerfect’s new Writ¬ 
ing Tools API, a macro language, and 
Shared Code 2.0 for Windows—a 
shared itbraiy^ of routines used by all 
WordPerfect for Windows software. 



Practical Solutions to the Programming Puzzle 

Itevdop Windows Based Programs 
WiAout Eitensive Itaining! 


No com pi ling? CcxJc free? No data libraries? Template free? 
No limilltig functions? Unbelievable? Believe it! Never 

before has an Application Development System been this easy 
to use anil this fast. Savant Application Getierator software 
makes writing code an obsolete funetion of the software 
design proecss. You design the application's ap pear- 
ance and functionality on the screen with 
Windows'"^ and a mouse. Once tlie design of j 
the application is laid out. anyone with word 
processing experietiec can create the 
application in a fraction of the lime 
ordinarily involved using conventional ^ 
programming techniques. Savant has the fulD 
funciitmality of a rclalionai data ba.se. With Savant you can 
create custom spreadsheets and custom reports which may he 
sorted in any order and generate an application map on 
demand. As you develop your application Savant allows you 
to test your algorithms and other formula lunciit>nality without 
having to compile. Fur rurthcr free information rcgiinding 
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Tlie File Format SDK, which is avail¬ 
able on a nondisclosure basis, contains 
documentation defining the WordPer¬ 
fect 6.0 format and the WordPerfect 
Graphic File FormaL 

In related news, Softbridge has an¬ 
nounced that SBL 3.0, an implementa¬ 
tion of the Basic language for embed¬ 
ding into application software, now 
supports OLE 2.0 automation. This 
means that SBL, which has a syntax 
compatible with Visual Basic, can op¬ 
erate within and across applications. 

Ttie WordPerfect 6.0 for Windows SDK 
and WordPerfect File Format SDK sell for 
$149.00 each. Reader service no. 28, 

Softbridge provides various licensing 
arrangements for SBL 3.0, Header ser¬ 
vice no. 29. 

WordPerfect Corp. 

1555 N. Technology Way 
Orem, UT 84057-2399 
800^51-5151 

Softbridge Inc. 

125 Cambridge Park Drive 
Cambridge, MA 02140 
627-576-2257 

According to Al Stevens in this month's 
‘'Examining Room,” good help can be 
hard to find wlien it comes to creating 
Windows help systems. Addressing tliis 
problem is Masterhelp, a new tool from 
Performance Software. MasterHelp takes 
text formatted for printing with Word 
for Windows and autcDmatically creates 
a Windows help file, including hyper¬ 
text jumps. The program also automat¬ 
ically creates Microsoft's Multimedia 
Viewer files for interactive tutorials and 
the like. 

Among features created by Master- 
Help are^ a table of contents in a sec¬ 
ondary window; a pop-up window 
which provides an overview of the en¬ 
tire document; a pop-up wiiidow that 
lets you know where you are in the 
document; and a pop-up window that 
shows hypertext-related topics. Mas- 
terHelp retails for $495.00, Reader ser¬ 
vice no. 30. 

Performance Software Inc. 

575 Southlake Blvd. 

Richmond, VA 23236 
804-794-1012 

Manageware for NetWare, a multiplat- 
form tool for managing NetWare-based 
networks from Hitecsoft, is designed 
specifically for creating NetWare Load¬ 
able Modules (NLMs) and server-based 
applications. Manageware is based on 
a specification called the “Network 
Management Language” (NML) devel¬ 
oped by Hitecsoft. Similar to a fourth^ 
generation language, NML provides a 
more flexible means of accessing net¬ 


work internals than traditional lan¬ 
guages. NML is operating-system in¬ 
dependent and has built-in network 
extensions (such as client/server, dis¬ 
tributed processing, smart-object ar¬ 
chitecture, and others). 

Manageware-based NLMs am under 
all supported platlbniis without source- 
code modification. This means that you 
can develop and test network-manage¬ 
ment programs under DOS, tlien run 
diem as NLMs on the server. 

Manageware Version 1.0 is an inter¬ 
preter (and compiler for the develop¬ 
er's edition) that features a flexible pre¬ 
processor, virmal memory management, 
automatic variable declaration, exter¬ 


nal function calls, and user-definable 
functions with local variable declara¬ 
tion and dynamic parameter pas.sing. 
The tools provide full access to Net¬ 
Ware internals such as binderies, con¬ 
nections, directories, queues, IPX, SPX, 
and so on. 

Manageware for NetWare sells for 
$895.00, Reader service no, 31. 
Hitecsoft Carp. 

3370 N, Hayden Hoad, Suite 123-175 
Scottsdale, AZ 85251-6632 
602-970-1025 
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Discover 

thePovuer! 


EpsilcMi 6,5 costs $250, with a 60- 
doy moFifiv^ck prontee. You con 
ufder Epsilou fw DOS, OS/2, SCO 
Unix, Of IderrtG Unix. 

Wi m commind to continually 
impioviog Epsilon, Wher p purchase 
Epsilon, you oan rest assured that we 
will continue to enhance it to take 
odrantoge of advances in hordwore 
and software technology. We hove 
been doing just that since 19SL 
Coll us now at (412) ^2™i. 


■'“'S 


anu 

Lugani Sofrwore, ltd. 
5843 Forbas Avenue 
Pittsburgh, PA 15217 
(412)421-5911 
(412)421 637! Fox 


Epsilon Progrommei's Editor combines a powerful ond sophisticated 
connincind set with hardware savvy that takes full odvootage of your 
PC's display modes, memory ophons, and other features, all so you con 
be more productive. With mouse support, a convenient concurrent 
process buffer, fast C tagging, enormous file capocity, ond much more. 
Epsilon mokes even your most orduous pfogromming tasks manage' 
able. So nvake tomorraw's coding eosier—order Epsilon todoy. 

Expanded Screen Modes Ever try to edit o SOiine 
function on o 2S-lin6 screen? With Epsilon, it's no problem to see (he 
whole function. On oity stondord VGA boord, Epsitan con dispkiy 25, 

2fi, 35,40, 43, or 50 lines on screen, ond it's easy to odd ony other 
modes your board supports. And, unlike some other editors, Epsilon 
doesn't make you restort just to chonge modes—you con toggle 
between them with a simple keystroke. 

Full XMS and Support Epsilon fully utilizes either m 
or ms memory, os well as upper memory blocks between 640kh and 
1 meg. Epsilon will use thot spoce fa the text you edit, as well os for 
its commands, moking it easy to edit even very lorge files. Why have 
all that memory and not use it? 

AdvaiKed EMACS-style command set Epsilon's 
comprehensive programming environment will make you more prorkrc- 
live, becouse its welfimegrtrtBd, extensive command stmclure does more 
in fewer keystrokes. For exomple, like some other editors, Epalon can 
list files in o direclmy that motch a pattern. But only Ep^lon's comnwnds 
work everywhere in the editor, so you con use Epsilon's sophisticated 
seordimg commends to locote the only file onwag thousands with two 
odjacent digits in its nome. It's this kind of command integration that 
mokes Epsilon the most powerful PC editor ycu can buy. 
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SWAINE'S FLAMES 



Pentium V5. PowerPC 

I t’s Pentium vs. PowerPC. That’s the simplistic view of what’s going on in the area of personal- 
computer CPUs. DEC and MIPS Technology may see things differently, and this magazine is 
rarely simplistic about such matters, but tliis page is where we dumb duw'n to the level of the 
rest of the computer press. Or even lower. And what’s lower than a Lettermanesque Top Ten List? 
Generous to a fault, we give you two. 

Top Ten Reosons why Pentium will Prevail 

10. Anybody out there using the Dvorak keyboard? You do know that it's been shown to be 
superior in every way tcj the ubiquitous Qwerty key^harard, don't you? 

9. On die Pow^erPC you’ll have to run Window^s and DOS apps under emulation. On Apple's 
own PowerPC machines, which it is calling Macintoshes, you’ll have to run Macintosh apps 
under emulation. Emulation is .slow. Emulation i.s an unnecessary layer of complexity. 
Emulation is evil 

8. Tlie subliminal message, it probably wasn’t a gtxid marketing decision to call the teclinology' 
behind the PowerPC '‘HlSC.'* 

7. inlei stock keeps going up. 

6. In the short run, the alrility to run DOS and Windows apps faster thim a 486 machine is w'hat 
will justify buying a ne%v machine. In die short run, Intel wins. 

5. In the long run, ixn on the company w'itli the deepest pockets. In the iong run, Intel wins, 

4. EverylxxJy roots for tlie underdog. And purs their money on die favorite. 

3^ Compatibility. Compatibility, CtJmpatibility, 

2. Did 1 mention? Computer liuyers value aimpatiiiility. 

1, The Austin factor, Can we be absolutely sure that those Motorola guys won’t withdraw the 
Pow erPC from the market the first time New York Times columnist William Safire CTiticizes iti^ 
Tliere’s something in the water down there. 


Top Ten Reasons why PowerPC will Prevail 

10. It's got significantly faster floating-point performance tlian Pentium. 

9. it's cheaper. By half. 

8. Apple and IBM are solidly behind it. 

7. Apple and IBM stocks are recovering. 

6. If anyone is kx>king for a bridge from Intel tt) RISC, and a kji of people are, it's here. The first 
generation of PowerPC machines will run existing ap]>s under emulaiion at speeds 
comparable to existing mid- range to high-end PCs. Native apps will be considerably faster. 
Early indications are that the emulation.s will lx very solid, 

5. Precedent. IBM’s RS/6000 workstations liaven'l done too liadly, and PowerPC is the migration 
<jf the RS/6(K}0 processor technology to the personal-tx)mpu ter market. 

4. Tile portable edge. Tlie portables market is critical, and by releasing a Pentium chip that 
won’t work Ln portables, Intel has given PowerPC a huge head start in portable.^. 

3. Price, Price. Price. 

2. Well, do computer buyers value compatibility? I mean, even if it costs them something? When 
have they ever had to pay for it? How much are they willing to pay for it? 

], llie Clinton clincher. Tlie future belongs to thtjse willing to embrace change. 


One reason that did not make the second list’ It’s Intel’s turn to be the Evil Empire, No, IBM 
had the '80s and Mia-o,sr)(t gets the entire decade of the ’90s. No honeymoon for Bill. 



Michael Swaine 
editor-at-large 
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C, C++ and BASIC programmers, 
now you get much more than 
xBase compatible DBMS power. 


thousands of programmers have 
^already discovered how to get dBASE, 
FoxPro and Clipper compatibility irom 
their favorite language and hardware 
platform. For example, one customer 
has C programs running on PC and Sun 
workstations sharing data with 
concurrently running FoxPro for 
Windows applications. You see, 
CodeBase technology is simply the best 
way to add multi-user xBase compatible 
DBMS power to C, C++, or BASIC. 


You still get high speed & small size 

CodeBase users really appreciate our 
small executable size. Unlike SQL 
engines which are a Meg or so in size, 
CodeBase 5.1 EXE's can be as small as 
45K! You'll also like the speed with 
our Intelligent Queries you get the 
execution speed oi'C plus stunning 
query performance from our smart use 
of available index information. 


Introducing CodeControls 

NowJbrmaiied iluia enfn> in IVindows is ns ecisy 
as pnint clickf 
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Introducmg the new CodeControls, a unique set 
of data-awtirc custom controls. Now simply drop 
them into yovir Windows applications via your 
favorite visual interface builder 


NEW-You get formatted data entry 

Experienced Windows programmers 
know formatted data entry is difficult 


to program under Windows. But with 
our new CodeControls, you can simply 
Toint & Click* to design data entry 
windows for date, numeric, and character 
infomiation-formatted just the way you 
want it. 


NEW-Data-aware controls 

Our custom controls are tlata-aware^ so 
now you can easily build a scrolling list 
box that’s tied to a data file, or look up 
matching combo box entries-even as the 
user types. 

Introducing CodeReporter 2.0 

Now use the new fnstani Report Wizard to create 
a variety of reports instantly. 



Introducing the new CodeReporter 2.0, our inter¬ 
active report writer We re designed it with 
developers in mind, but end-users will love it. 


NEW-You get instant reports 

Use our new^ instant Report Wizard to 
quickly create a wide variety of 
reports-m an instant, then easily refine 
them as necessary, or let your end users 
build their own special reports! 

NEW-You get drag & drop 

We’ve added drag 8l drop capabilities to 
CodeReporter, so regardless of whether 
you want data, totals, or text, simply drop 
a report object onto your layout screen. 


NEW-You get interactive queries. 
sort.s, & relations 

Use CodeReporter to 
visually design reports 
easier than ever. For 
example, you can 
quickly build query and sort 
expressions using our calculator-style 
expression builder. Jn addition, you can 
easily relate data files together using 
our graphical relation builder 




"There's never been a better time to buy 
into CodeBase technology. You get 
complete xBase compatibility, full 
DBMS power, plus an interactive report 
writer and a set of unique data-aware 
custom controls for Windows.’' 

-Ken Sawyer, President, Sequiter Software 


Buy One, 

Get Two FREE. 

Now when you buy any one of our xBase 
library products: CodeBasic, 
or CodeBase (forthe language of your choice), 
you’ll get both the new CodeReporter 2M 
AND the new CodeConUots absolutely 
FREE-for a limited time only. 


To Order Now Call 

403 - 437-2410 

Unconditional 90-Day Money-Back Guarantee 


SEQUITER III 

SOFTWARII INC. Ill 


FAX 403-436-2999 
UK Tel. +44-81-317-4321 
France +-33.20.24.20.14 


RQ. Box 575 rtewmertcet NH 03857-05X5 


©1993 Sequtter SoWvvutb. ►nc. All nghrts raservod CKlaBaEe. CodaSoEe-H-, CodeBoitc, CodeRepertaf. and Ccicleddn.trds ana trodemaito or S^iirter Sorhwore Int All OiNJr procfuc! udmes- rr^w'^tidried tonjin. ory Irddt*df Ifioir reapecHw companisi 













































































Why settle for ordinary visual when new 
Borland C++ gives you so much more? 
The highest quality fourth-generation 
tool set. A fully customizable and open 
desktop. The ability lo target 
16~ and 32-bit 
Windows simul¬ 
taneously. And, 
of course, it's 
‘Visual." 

Only Borland C++ 
gives you a fully 
integrated profes¬ 
sional editor featuring BRIEF* tech¬ 
nology, powerful Turbo Debugger^ GX, 
and integrated C and C++ VBX control 


support. 


AniniPoiiMiittoittor 

Borland C++ 4.0 takes the bureaucracy 
out of development. With the visual 
Project Manager and its multi-taigct 
capabilities, even the most complex 
projects are handled automatically* 

The flexibility of AppExpert actually 


generates much of your application for 
you. TargetExpert, ClassExpert, Dialog- 
Expert* and Resource Workshop™ 
streamline the tasks of setting up and 
customizing your applications. 

AliiRC++iqilHKnlillM 
haft years akead 

Languages evolve for a good reason— 
so programmers can realize ever- 
increasing productivity and safety of 
code. That’s why Borland is the first to 
bring important new enhancements to 
the C++ language, like full support 
for templates, exception handling, 
and Run-time Type Information. And 
Borland C++ includes ObjectWindows™ 
Library (OWL) 2.0—the world's most 
popular framework. 

Borland C++ is the world-standard 
C++ because it*s the easiest to use, 
yet has power to spare for the most 
complex tasks. If you're serious about 
C++ programming, new Borland C++ 
4.0 is the environment you've got to 


have. After all, if your compiler is only 
visual, it's just a facade. Get new 
Borland C++ 4.0 for Windows and DOS 



^90-day, money-back guaraniee^l 

I Sec yoop dealer or call nw, I 
1 1-800-336-B464,exL7160 1 

I InCanadacall, 1-800-461-3327 | 

CIRCLE NO. 95 ON READER SERVICE CARD 


Boriand 

Power made easy" 


copyright © IBfurisind [nremationat, Inc. All righls rcjicrvcd. AU Borland product names are iraidemailcs of Borland tniemMional. Inc. ‘Offer good for owners of Micimofi and Symantec C or C’M’ products; 
also Turha C++ ownenj wtw purcliascd prcidixi befotc Novemher I, 1993. Offer good in ihc United States and Cafnada only. All pricjcs in U.S. dollars. Dealer prices may vary. Bl 5827 

















